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LONDON, Printed for John Martyn » Printer co the Rovar 
SOCIETY, andareto be ſold at his Shop atthe Bell a little 
without Temple Barr, M DCLXVII, 


Do here moſt humbly lay 
this ſmall; Preſent ar Tour 
== &= Majeſties Royal feer. And 
ISS” though ir' comes, accompa- 
nyd with rwo diſadvantages he meanneſs 
of the Authorz;and of the Sybje#,; yer 
inboch | am incoxraged by the greatneſs 
of\ your Mercy and your, Knowledge. 
By'ithe one am raughrt, char you can 
As A forgive 


Tur EpisTLE 


»»». forgive the moſt py Offendors : 
' Andby the other, char you will nor e- 
- ſteemthe leaſt work of Natyre, or Art, 


unworthy your Obſervation. Amidſt the 


| many felicities that have accompani'd 


your Majeſties happy Keſtauration and 
Government, 1t 18 none of the leaſt conſi- 
derable, thar Philoſophy and Experimental 
Learning have —_— under your Koyal 
Patronage, Andas thecalm proſperity 
of your Reign has given us the /e7ſare 
ro follow theſe Studies of quiet and re- 
tirement, ſo it 1s juſt, that the Fruits of 
chem ſhould , by way of acknowledge- 
ment, be returnid ro your Majeſty. 
There are, -S1r, ſeveral other of your 


Subje&s, of your Koyal Society, now 
buſie about Nobler matters : The Tm- 
provement of Manufaftures and Aopricul- 
tare, the Tucreaſe of Commerce , the Ad- 
vantage of Navipation: In all which 
they are -afsiſted by your Majeſties Incou- 
rapement and Example. Amidit all thoſe 
WP H\ greater 


DEDicaTORY. 
greater Deſigns, I here preſume co bring 
in that which is more proportionable to 
che ſmalneſs of my Abilities, and wo 
offer ſome of rhe aſt of all- »/fible 
things,to thar Mighty King, that has efta- 
piſhtan Empie over the 'beſt'of all [- 
viſible things of this World, che Minds 


of Men. 
Tour Majeſties moſt humble - 


© ang muſt "obeajent | ; 


Subject and Servatty* 


RoBtxT Hooks. 


Ro 04 nr Þ Free my Mb to bur! Greaf" Foinder :3q Pa 
tron,. I could;not- but think- my ſelf oblig'd, 
-1n confideration of thoſe many Japagements 

<= 7.<4Y - you have' laid npon me ; to offer theſe my 
A. T p ; poor. '-Labours to / this MOS Ti BLEU 
STRIOUS "ASSEMBLY YOU have- been 
pleas'd formerly to accept of thele rude Draughts. 1 have fince 
added to them ſome Deſcriptions, and ſome Conjeciures of my 
own. And therefore, together with YOUR Acceptance, I muſt 
alſo beg YOUR pardon. The Rules YOU have preſcribd YOUR 
ſelves in YOUR Philoſophical Progreſs do feem the beſt that 
have everyet been praftis'd.' And particularly that of avoiding 
Dogmatizing , and the ſpouſal of any Hypotheſis not ſufficiently 
grounded and confirm'd by Experiments. This way ſeems the 
moſt excellent, 'and may, prelerve both Philoſophy and Natural 
Hiftory from its former Corruptions.In ſaying which, 1 may ſeem 
to condemn my own Courſe in this Treatiſe ; in which there 

perhaps be. ſome: Expreſſuts, which may "al more poſitive 
hs CUR Preſcriptions will permit : And though I defire 
to have them underſtood only as Comeures and Queries (which 
YOUR Mcthod does not altogether diſallow)yet it even in thoſe 
I have exceeded, *tis fit that I ſhould declare, that ic was not 
done by YOUR Direttions. For it 1s moſt unreaſonable, that 
YCU ihould undergo the imputation of the faults of my Con- 
jeAures, ſeeing YOU can receive ſo | ſmall advantage of reputa- 


nonbythe Pletoht Obſervations of) / | 


TOUR moſt bumble and 
moſt faithful Servant 


ROBERT HOOKE. 


7 i4 the great prerogative of Mankind above other 
Creatures, that we are not only: able to behold the 
works of Nature, or barely-toſuſtein our lives by 
them, but we have alſo the power of conſidering, 
= comparing, altering, athſting, and improving 
them to various uſes. And as this is the peculiar priviledge of humane 
Nature in general, ſo is it capable of being ſo far advanced by the helps 
of Art, and Experience, as to make ſome Men excel others in their 
Obſervations, and Dedutions,almoſt as much as they do Beaſts; B y the 
addition of ſuch arcificial Inſtruments and merhods,zhere may be,in 
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ſome manner, a reparation made for the miſchiefs, and imperfefion, 


mankind has drawn upon it ſelf, by negligence,and intemperance, and a 
wilful and ſuperſlitious deſerting the Preſcripts and Rules of Nature, 
whereby every man, both from a deriv'd corruption, innate and born 
with him, and from his breeding and _— with menyja very ſubjefR 
to ſlipi into all ſorts of errors. 

The only way which now remains for us to recover ſonte degree of 
thoſe former perfetiions, ſeems to be,by reiifying the operations of the 
Senſe,the Memory.,and Reaſon, ſince upon the evidence.the ſtrength, 
the" integrity, and the right correſpondence of all theſe,all the light, 
by which our afiions are to be guided, 3s to be renewed, and all our com- 
mand over things is to be eſtabliſht. | 

&t 3s therefore moſt worthy of our conſideration, to recollef their [c- 
ſeveral defefis, that ſo we may the better underſtand how to ſupply them, 
and by what aſſiſtances we may inlarge their power, and (ecure them in 
performing their particular duties. 

As for the ations of our Senſes, we cannot but obſerve them to bein 

a many 


The Prrracer. 
many particulars nuch outdone by theſe of other Creatures, and when 
at befobe fer flere of the peroftion they ſeem capable of : And theſe 
infirmities of the Senſes ariſe from a double cauſe, either from the diſ- 
proportion of the Objet ro the Organ, whereby an infinite number of 
things-can never eter into them.pr eſſe from error in the Perception, 
that many things, which come within their reach, arent received ina 


right manner. 

The like frailties are to be found in the Memory ; we often let many 
thinps ſlip away from as, which deferve to be retain'd; and of thoſe 
which we treaſure #p, a great part is either frivolous or falſe ; and if 
good, and ſubſtantial, either in tradi of time obliterated, or at beſt jo 
overwhelmed and buried under more frothy notions, that when there as 
need of them, they are in vain ſought for. 

The two main foundations being fo deceivable, it is no wonder, that 
all the ſucceeding works which we build upon them,of arguing, conclu- 
ding HXefining.judging, and all the other degrees of Reaſon, are lyable to 
_ the ſame imperſetiion, being, at beft, either vain, or uncertain: Sothat 
the errors of the underſtanding are anſwerable to the two other, being 
defeftive both in the quantity and goodneſs of its knowledpe ; for the li- 
mits, to which our thoughts are confi nd, are ſmall in reſpeti of the vaſt 
extent of Neture it ſelf ; ſome parts of it are too large tobe comprehen- 
ded, and forme too linle to bepercetved. And from thence it anaſt fol- 
low.that not having a full ſenſation of the Objefi, we muſt be wery dame 
and imperfect in our conceptions about it , and im all the propoſitions 
which we build uponit ; hence we often take the ſhadow of things for 
the ſubſtance, fall appearances for good ſimilitudes, finulirudes 
for definitions; and-even many of thoſe, which we think. to be the raft 
folid definitions, are rather expreſſtons of our own miſguided aptrehen- 
tons then of the true nature of the things themſelves. 

The effebts of theſe aperfettions are manifeſted in different mays, ac- 
cording to the remper and dafpoſition of the ſever al minds of men, fome 
they inclixe to groſs ignorance and ſtupidity, and others to a pre- 
ſumptuous impoſing on other mens Opinions, and « confident dog- 
Narizing 07: matters, whereof there to no afſurunce to be given, 

Thus 


The PrErace, 
Thus all the uncertainty, ond miſtakes of humane afiians, proceed 
either from the narrowneſs and wandring of aur Senſes, from the lippes 
rineſs or deluſion of aur Memory, from the confinement at raſhneſi of 
our Underſtanding, ſo that 'tis no wonder, that our power over natus 
ral cauſes and effeSis 1s ſo [lowly inprov'd, ſeeing we are nat only to 
contend with the obſcurity and ditficulty of the things whereon me work, 
ond think. but even the torces of our own minds conſpire to betray us: 

Theſe being the dangers in the proceſs of humane Reaſon, the remedies 
of them all can only proceed from the real, the mechanical, the ex- 
perimental Philoſophy,»kich bas this advantage ower the Philoſaphy of 
diſcourſe and diſputation,that whereas that chiefly aims at the ſubtilty 
of its Deduftions and Concluſtons , without much regard to the firſt 
ground-work., which ought to be well laid on the Senſe and Memory ; 
fo this intends the Tight ordering of them all, and the making them ſer- 
wiceable to each other. 

The firſt thing to be undertaken jn this weighty work,, is a watch- 
fulneſs over the failings and on inlargement of the dominion, of 
the Senſes. | | 

Zo which end it 38 requiſte, firſt, That there ſhould be d ſcrupu- 
lous choice,and a ftrift examination, of the reality, conſtancy, ond 
certainty of the Particulars that we admit: This 3s the firſt riſe where- 
on trath 5» to-begin,, ond here the moſt ſewere, and moſ} impartial dili- 
gence, muft be tmployed ; the ſtaring up of all, without any regard to 
evidence or uſe, will only tend to darkneſs and confuſion. We muſt 
not therefore efleem the riches of our Philoſophical treaſure by the nume 
ber onh,bat chiefly by the werght;the moſt vulgar [niftances are not to 
be negletied put above all, the myſt inſtruftive are to be entertain'd; 
\- rhe footfieps of Nature are ts betrac diet only inber ordinary courſe, 
but wherd ſhe ſeems to be putt to ter flufts.to make mony doublings and 
turnings, ard to we fame kind of art in tudeanauring to did HY 


The next care ts be taken, in reſpets of the Senſes, 3s @ ſupplying of 
their infer mities with Inttruments, and, as # were, the adding of xru- 
ficial Organs to the natural ; this in one of them has beeuf dote years 
accom- 


The Prerace. 
accompliſht with prodigious benefit to all forts of uſeful knowledge , by 
the invention of Optical Glaſſes. Bythe means of Teleſcopes, there 35 
nothing ſo far diſtant but may be repreſented to our view ; and by the 
help of Microſcopes, there 1s nothing ſo ſmall, as to eſcape our inqui- 
ry 3 hence there 33 a new viſible World diſcovered to the underſtanding. 
By this means the Heavens are open'd, and a vaſt number of new Stars, 
and new Motions. and new Produdtions appear in them,” to which all the 
antient Aſtronomers were utterly Strangers. By this the Earth it ſelf, 
which hes ſo neer us, under our feet, ſbews quite a new thing to us, and 
in every little particle of its matter, we now behold almoſt az great a 
wariety of Creatures, as we were able before to reckon up in the whole 
Univerſe it ſelf. | | 

It ſeems not improbable , but that by theſe helps the ſubtilty of the 
compoſition of Bodies, the ſtrufure of their parts, the various texture 
of their matter, the inſtruments and manner of their inward motions, 
and all the other poſſible appearances of things, may come to be more 
fully diſcovered ; all which the antient Peripateticks were content to 
comprehend in two general and ( unleſs further explaind ) uſeleſs 
words of Matter and Form. From whence there may ariſe many adni- 
rable advantages,towards the increaſe of the Operative, and the Me- 
chanick Knowledge, to which this Age ſeems ſo much inclined, becauſe 
we may perhaps be inabled to diſcern all the ſecret workings of Nature, 
almoſt inthe ſame manner as we do thoſe that are the produdtions of 
Art, and are manag'd by Wheels, and Engines, and Springs, that were 
deviſed by humane Wit. 

In this kind I here preſent to the World my imperfe#t Indeawours ; 
which though they ſhall prove no other way conſiderable,yet, 1 hope, they 
may be in ſome meaſure uſeful to the main Deſign of a reformation 
in Philoſophy, if it be only by ſhewing, that there is not ſo much requir'd 
towards it,any ſtrength of Imagination,or exatineſs of Method, or depth 
of Contemplation(though the addition of theſe,where they can be had, 
muſt needs produce a much more perfe4 compoſure)as a ſincere Hand, 
and a faithful Eye, to examine, and to record, the things themſelves 


as they appear. 
And 


The PrEetace. 
And I beg my Reader, to bet me. take the boldneſs to aſſure hin, 
that in this prefent condition of knowledge , aman ſo quali ified; asT © 
have indeawoured to be, only with reſolution, and integrity, and plain 
intentions of imploying his Senles aright may venture to compare the re- 
ality and the uſefulneſs of his ſervices, towards the true Philoſophy, with 
thoſe of other men, that are of much ſlronger,and more acute ſpecula- 
tions,that ſhall not make uſe of the ſame method by the Senſes. 
*  Thetruthis, the Scienceof Nature has been already too long made 
only a work. of the Brain and the Fancy : It is now high time that it 
* ſhould return to the plainneſs and ſoundneſs of Obſervations on ma- 
cerial and obvious things. 1t us ſaid of great Empires, That the beſt 
way to preſerve them from decay, isto bring them back to the 
firſt Principles, and Arts, on which they did begin. The ſame 
33 undoubtedly true in Philoſophy,that by wandring far away into invi- 
fible Notions,has almoſt quite deſtroy'd it ſelf, and it can never be re- 
covered, or continued, but by returning into the ſame ſenſible paths, 
in which it did at firſt proceed. 

If therefore the Reader expetts from me any infa llible Dedu ions, 
or certainty of Axioms, 1 am to ſay for my ſelf, that thoſe flronger 
Works of Wit and Imagination are above my weak, Abilities , or if 
they had not been ſo, I would not have mage uſe of them in this pre- 
fn Subjeft before me : Whereever be finds that I have venturd at 

any ſmall Conjefures, at the cauſes of the things that I hawe obſerved, 
I beſeech him to look upon them only as doubtful Problems,and uncer- 
tain ghefles, and not as unqueſtionable Concluſions, or matters of un- 
confutable Science ; Thawe produced nothing here, with intent tobind 
bis underſtanding to an implicit conſent ; 1 am ſo far from that, that 
T deſire him, not abſolutely to rely upon theſe Obſervations of my eyes, 
if he finds them contradifted by the future Ocular Experiments of 0- 
ber and impartial Diſcoverers. 

As for my part, Thave obtained my end, if theſe my ſmall Labours 
ſpall be thought fit to take up ſome place in the large ſlock. of natural 
Obſervations, which ſo many hands are buſte in providing. If Thave 
contributed the meaneſt foundations whereon others may raiſe nobler 
Super- 
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Superſtruftures, Jam abundantly ſatisfied ; and all my ambition 14, 
that [may ſerve t9 the great Philoſophers of this Age , as the makers 
and the grinders of my Glaſſes did tome ; that I mayprepare and fur- 
niſh them with ſome Materials, which they may afterwards order and 
manage with better skill, and to far greater advantage. 

- The next remedies in this univerſal cure of the Mind are to be ap- 
plyed to the Memory, and they are to conſiſt of ſuch Direftions as may 
inform us, what things are beſt to be ſtor'd up for our purpoſe, and 
which 1s the beſt way of ſo diſpoſing them, that they may not only be 
kepr in ſafety, but ready and convenient.to be at any time produc'd for 
uſe, as occaſion ſhall require. But I will not here prevent my ſelf in 
what 1 may ſay in another Diſcourſe , wherein 1 ſhall make an at- 
tempt to propoſe ſome Conſuderations of the manner of compiling a Na- 

tural and Artificial Hiſtory, and of ſo ranging and regiſtring its 
Particulars into Philoſophical Tables, as may make them moſt uſeful 
for the raiſing of Axioms and Theories. 

The laſt indeed 14 the moſt hazardous Emterprize, and yet the moſt 
neceflary ; and that is, to take ſuch care that the Judgment and the 
Reaſon of Man ( which 3s the third Faculty to be repair'd and im- 
prov'd ) ſhould receive ſuch aſſiſtance, as to avoid the dangers to 
which it 3s by nature moſt ſubjefi. The Imperfeftions, which I have al- 
ready mention'd, to which it is lyable, do either belong to the extent, 
or the goodnels of its knowledge ; and here the difficulty is the grea- 
ter, leaft that which may be thought a remedy for the one ſbould 
prove deſtruQive to the other, Jeaſt by ſeeking to inlarge our Hinaw- 
ledge, we ſhould render it weak and uncertain ; and leaſt by being 
zoo ſcrupulous and exa&} about every Circumſtance of it, we ſhould 

confine and ſireighten jt too much. * + 7 

In both theſe the middle wayes are to be taken, nothing us to be 
omitted, and yet every thing to paſs a mature deliberation : AN 
Intelligence' from Men of all Profeſſrons, and quarters of the World, 
to beſlighted, and yet 'all to be ſo ſeverely examin'd,that there remain 

20 room \ for doubt or inſtability ;, much rigonr in agdmitting, much 
[triine(s in comparing.and above all, much ſlownels in debating, and 
=þ ; g- ſhyneſs 
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ſhyneſs in determining, #5 to be pratliſed, The Underſtanding ; 3 to 
order all the inferiour ſervices of the lower Faculties ; but wet it 350 
do this only as a lawtul- Maſter, ad not as a Tyrant. Iau not in- 
croach upon their Offices, nor take upon it ſelf the employmnents which 
belong to either of them. Jt muſt watch the irregularities of the Seq. 
ſes, but it muſt not go before them, or prevent their information.” . it 
muſt examine, range, and dipole of the bank. which 3s laid up in the 
Memory :, but it muſt be ſure to make diſtinCion between the ſober and 
well collefted heap, and the extravagant Idea's, and miſtaken 
Images , which there it may ſometimes light upon. So many are the 
links,upor which the true Phil Jophy depends, of which,if any one be loole, 
or weak ,, the whole chain is in danger of being diſſolu'd ; it is to be- 
gin with the Hands and Eyes, and to proceed on through the Memory, 
to be continued by the Reaſon ; nor 18 it to ſiop there, but tocome about 
to the Hands and Eyes again, and ſo, by a continual paſlage round 
fromone Faculty to another ,, it is to be maintained in life and firength, 
as much as the body of man is by the circulation of the blood through the 
ſeveral parts of the body, the Arms, the F at, the Lungs, the Heart, and the 
Head. 

F once this method were followed with diligence and attention, there is 
nothing that lyes within the power of human Wit (or which is far more 
effeftual ) of human Induſtry, which we might not compaſs ; we might 
not only hope for Inventions to equalize thoſe of Copernicus, Galileo, 
Gilbert Harvy, and of others, whoſe Names are almoſt Ioft, that were the 
broentors of Gun-powder, the Seamans Compals, Printing, Erching, 
Graving, Microſcopes, &c. but multitudes that may far exceed them : 
for even thoſe diſcoveries feem to have been the produdis of (ome ſuch me- 
tbod, though but imperfe&t ; What may not be therefore expeted from it if 
thoroughly proſecuted ? Talking and contention of Arguments woul4 
ſoon be turn dimo labours ; all the fine dreams of Opinions, and ani- 
verſal metaphyfical natures, which the luxury of fubtil Brains has de- 

wis'd, would quickly vaniſh, and giveplace to ſolid Hiſtories, Experi- 
ments- and Works, And as at firſt, mankind tell by taſting of the 
forbidden Tree of Hnowledgeſo we, their Poſterity, may be inpart age 
WM y 
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by the ſame way, not only by beholding and contemplating, but by ta- 
ſting too thoſe fruits of Natural knowledge, that were never yet forbidden. 

From hence the World may be aſſifted with variety of Inventions, new 
matter for Sciences may be colle&ed, the old improv'd, and ther ruſt 
rubb'd away ; and as it 14 by the benefit of Senſes that we receive all our 
Skill in the works of Nature,ſo they alſo may be wonderfully benefited by 
it, and may be guided to an eaſier and more exadt performance of their 
Offices ; "tis not unlikely, but that we may find out wherein our Senſes are 
deficient, and as eaſily find wayes of repairing them. 

The Indeavours of Skilful men have been moſt converſant about the 
aſſiſtance of the Eye, and many noble Productions have followed upon it ; 
and from hence we may conclude, that there is a way open'd for advancing 
the operations, not only of all the other Senſes,þut even of the Eye it ſelf;that 
which has been already done ought not to content us,but rather to incourage 
us to proceed further, and to attempt greater things in the ſame and diffe- 
rent wayes. | 

'Trs not unlikely, but that there may be yet invented ſeveral other 
helps for the eye,as much exceeding thoſe already found,as thoſe do the bare 
eye,ſuch as by which we may perhaps be able to diſcover living Creatures in 
the Moon, or other Planets, the figures of the compounding Particles of 
matter, and the particular Schematiſms and Textures of Bodies. 

And as Glafles have highly promoted our ſeeing, ſo *tis not improba- 
ble.but that there may be found many Mechanical Inventions to improve 
our other Senſes, of hearing, ſmelling, taſting, touching. *7isnot 
ampoſſible to hear a whiſper a furlongs diſtance, it having been already 
done; and perhaps the nature of the thing would not make it more im- 

poſſible, though that furlong ſhould be ten times multiply'd. And though 
fome famous Authors have affirm'd it impoſſible to hear through the thin- | 
neſt plate of Muſcovy-glaſs ; yet know a way.by which tis eaſie enough 
to hear one ſpeak. through a wall a yard thick. It has not.been yet 
thoroughly examin'd,how far Otocouſticons may be improv'd,nor what 
other wayes there may be of quickning our bearing, or conveying ſound 
through other bodies then the Air: for that that 3s not the orily medium, 
1 can aſſure the Reader,that I have,by the help of a diſtended wire,propa- 

| gated 
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gated the ſound to a very conſiderable diftance in an-inſtant, or with as 
ſeemingh quick, a motion as that of light, at leaſt, incomparably ſwifter 
then that, which at the fame time was propagated through the Air ; and 
this not only in a ſtraight line , or dire, but in one bended bs many 
angles. 

Nor are the other three ſo perfect, but that mice: atrention, ond 
many mechanical contrivances, may alſo biokly zmprove them. For 
ſence the ſenſe of ſmelling ſeems to be made by the ſwift patlage of the 
Air ( impregnated with the ſteams and effluvia of ſeveral odorous 
Bodies ) through the griſly meanders of the Naſe whoſe ſurfaces are 
cover d with a very ſenſible nerve , and moiſtned by atranſuda- 
tion from the procetſus mamillares of the Brain , and ſome ad- 
joyning glandules, and by the moiſt ſteam of the Lungs, with a Liquor 
convenient for the reception of thofe efluvia and by the adheſion and 
mixing of thoſe fleams with that liquor,and thereby affefiing the nerve, or 
perhaps by inſinuating themſelves into the juices of the brain, after the 
ſame manner, as I have in the following Obſervations intimated, the parts 
of Salt topaſs through the skins of Effs, and Frogs. Since, I ſay, ſmelling 
ſeems to be madeby ſome ſuch way, "tis not improb able, butthat ſome con- 
trivance, for making a great quantity of Air paſs quick through the Noſe, 
might as much promote the ſenſe of ſmelling, as the any wayes hindring that 
afar does dull and deſtroy it. Several tryals I have made , both of 
hindring and promoting this ſenſe,and have ſucceeded in ſome according to 
expeflation ; and indeed to me it ſeems capable of being improv'd, for the 
judging of the conſtitutions of many Bodies. Perhaps we may thereby 
alſo judge (as other Creatures ſeem to do) what is wholſome what poyſon ; 
and in a word, what are the ſpecifick, properties of Bodtes. 

There may be alſo ſome other mechanical wayes found out , of ſenſi bly 
perceiving the effluvia of Bodies ; ſeveral Inſtances of which, were it here 
proper, T could give of Mineral fleams and exhalations ; and it ſeems not 
impoſſible, but that by ſome ſuch wayes improved, may be diſcovered, what 
Minerals lye buried under the Earth, without the trouble to dig for them ; 
ſome things to confirm this ConjefAure may be found in Agricola, and aller 
Writers of Minerals, ſpeaking of the < —_ that are apt to thrive, or 
- pine, inthoſe ſleams. ; Whether 
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Whether alſo thoſe fleams, which ſeem to iſſue out of the Earth, and 
mix with the Air ( and ſo toprecipitate ſome aqueous Exhalations where- 
with *tis impregnated ) may not be by ſome way detefled before they produce 
the effet, ſeems hard to determine ; yet ſomething of this kind Iam able to 
diſcover,by an Inſtrument I contriv'd to ſbew all the minute variations in 
the preſſure of the Air ; by which I conſtantly find hat before, and during 
the time of rainy weather, the preſſure of the Air is leſs, andin dry wea- 
ther , but eſpecially when an Eaſtern Wind ( which having paſt over 
vaſt trafis of Land i heavy with Earthy Particles ) blows, it is much 
more, though theſe changes are varied according to very odd Laws, 


The Inſtrument is this. I prepare a pretty capaceous Polt-head AB, with 
a ſmall ſtem about two foot _ a half long D C; upon the end of this D 
I put on a ſmall bended Glaſs,or brazen Syphon DEF ( open at D, E and F, 
but to be cloſed with cement at F and E, as occaſion ſerves) whoſe ſtemF 
ſhould be about fix or eight inches long, but the bore of it not above half an 
inch diameter,and very even; theſe fix very ſtrongly together by the help 
of very hard Cement, and then fit the whole Glals ABCDEF into a long 
Board,or Frame,in ſuch manner,that almoſt half the head A B may lye buri- 
ed in a concave Hemiſphere cut into the Board RS ; then place it ſoon 
the Board RS, asis expreſt inthe firſt Figure of the firſt Scheme 3 and fix 
it very firm and ſteady 1n that poſture, ſoas that the weight of the Mercury 
that is afterwards to be put intoit,may not in the leaſt ſhake or ſtir it 3 then 
drawing a line X Y on the FrameR T, fo that it may divide the ball into 
two equal parts, or that it may paſs, as 'twere, through the center of the 
ball. 1 begin from that, and divide all the reſt of the Board towards U T 
into inches, and the inches between the 25 and the end E(which need not be 
above two or three and thirty inches diſtant from the line X Y) I ſubdivide 
into Decimals; then ſtopping the end F with ſoft Cement,or fott Wax, I in- 
vert the Frame, placing the head downwards, and the Orifice E upwards ; 
and by it, with a ſmall Funnel, I fill the whole Glaſs with Quicklilver ; then 
by ſtopping the ſmall Orifice E with my finger, I oftentimes erect and invert 
the whole Glaſs and Frame,and thereby free the Quickſilver and Glaſs from 

all the bubbles or parcels of lurking Air 3 then inverting it as before,[ fill it 

top full with clear and well ſtrain'd Quickſilver, and having made ready a 

ſmall ball of pretty hard Cement, by heat made very foft, I preſs it into the 

hole E, and thereby ſtop it very faſt ; and to ſecure this Cement from flying 
out afterward,[ bind over it a piece of Leather, that is ſpread over in the in- 
ſide with Cement, and wound about it whilſt the Cement is hot: Having 
thus faſtned it, 1 gently ereCt again the Glaſs after this manner : I firſt let the 

Frame down edge-wayes, till the edge R V touch the Floor, or ly horizon- 

tal ; and then in that edging poſture raiſe the end R S; this Ido, that if 

there chance to be any Air hidden in the ſmall Pipe E, it may aſcend.into the 

Pipe F, and notinto the Pipe D C : Having thus ereQted it, and hung it by 

the hole Q, or fixt it perpendicularly by any other means, I openthe end F, 
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and by a ſmall Syphon I draw out the Mercury fo long,till I find the ſurface of 
it AB in the head to touch exaGly theline X Y; at which time I immedi- 
ately take away the Syphoz, and if by chance it be run ſomewhat below 
the line X Y, by pouring in gently a little Mercury atF, Iraiſe it again to 
its defired height , by this contrivance I make all the ſenſible rifing and fal- 
ling of the Mercury to be viltble inthe ſurface of the Mercury in the Pipe F, 
and ſcarce any in the head A B. But becauſe there really is ſome ſmall 
change of the upper ſurface alſo, I find by ſeveral Obſervations how mucti 
it riſes in the Bal), and fallsin the Pipe F, to make the diſtance between the 
2wo ſurfaces an inch greater then it was before 3 and the meaſure that it 
falls in the Pipe is the length of the inch by which I am to mark the parts of 
the Tube F, orthe Board on which it lyes, into inches and Decimals : Ha- 
ving thus juſtned and divided it, I have a large Wheel MN OP, whoſe 
outmolt limb is divided into two hundred equal parts; this by certain ſmall 
Pillars 1s fixt on the Frame RT, inthe manner expreſt in the Figure. In 
the middle of this, on the back fide, in a convenient frame, is placed a ſmall 
Cylinder, whoſe circumference is equal to twice the length of one of thoſe 
diviſions, which find anſwer to an inch of aſcent, or deſcent, of ercary : 
This Cylinder], is movable on a very ſmall Needle, on the end of which is 
fixt a very light Index K L, all which are fo pois'd on the Axis, or Needle, 
that no part is heavier then another : Then about this Cylinder is wound a 
ſmall Clew of Silk, with two ſmall ſteel Bullets at each end of it G H; one 
of theſe, which is ſomewhat the heavier, ought to be ſo big, as freely to 
move toand fro inthe PipeF; by means of which contrivance, every the 
lcaſt variation of the height of the Mercury will be made exceeding viſible 
- by the motion to and tro of the ſmall Index KL. | 


But this 1s but one way of diſcovering the effluvia of the Earth mixt 
with the Air ; there may be perhaps many others,witneſs the Hygroſcope, 
an Inſtrument whereby the watery ſleams volatile in the Air are diſcerned, 
which the Noſe it ſelf is not able to find. This I have deſcrib'd in the 
following Trad in the Deſcription of the Beard of a wild Oat. Others there 
are,may be diſcovered both by the Noſe , and by other wayes alſo. Thus 
the ſ\moak of burning Wood zz ſmelt, ſeen, and ſufficiently felt by the 
eyes : The fumes of burning Brimſtone are ſmelt and diſcovered alſo 
by the deſtroying the Colours of Bodies , asby the whitening of a red 
Roſe : And who knows, but that the Induſtry of man, following this me- 
ahod,nay find out wayes of improving this ſenſe to as great a degree of per- 
feflion as it is in any Animal, and perhaps yet higher. 

713 not improbable alſo,but that qur taſte may be very much improv'd, 
' either by preparing our taft for the Body, as, after eating bitter things, 
Wine,or other Vinous liquors, are more ſenſibly taſted ; or elſe by pre- 


paring 
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paring Bodies for our taſt ; as the diſſolving of Metals with acid Liquors, 
make them taſtable, which were before altogether inſipid ; thus Lead be- 

comes ſweeter then Sugar, and Silver more bitter then Gall, Copper 
and Iron of moſt loathſome taſts. And indeed the buſineſs of this ſenſe 

being to diſcover the preſence of diſſolved Bodies in Liquors put on the 

Tongue.or in general to diſcover that a fluid body has ſome ſolid body diſolv'd 
in it, and what they are; whatever contrivance makes this diſcovery 

improves this ſenſe. In this kind the mixtures of Chymical Liquors af- 

ford many Inſtances ; as the ſweet Vinegar that is impregnated with 
Lead may be diſcovered to be ſo by the affuſion of a little of an Alcalizate 

ſolution : The bitter liquor of Aqua fortis and Silver may be diſcover d 
to be charg'd with that Metal, by laying in it ſome plates of Copper : 

Tis not improbable alſo,but there may be multitudes of other wayes of diſco- 

wering the parts diſſolo d, or diſſoluble in liquors ; and what s this diſco- 

very but a kind of ſecundary taſting. 

Tis not improbable alſo,but that the ſenſe of feeling may be highly im- 
prov'd, for that being a ſenſe that judges of the more groſs and robuſt 
motions of the Particles of Bodies, ſeems capable of being improv'd and 
aſſiſted very many wayes. Thus for the diſtinguiſhing of Heat and Cold.the 
Weather-glaſs and Thermometer, which [have deſcrib din this follow- 
ing Treatiſe, do exceedingly perfe&i it ; by each of which the leaft varia- 
tions of heat or cold, which the moſt Acute ſenſe 13 not able to diſtinguiſh,are 
manifeſted This iz oftentimes further promoted alſo by the help of Burn- 
ing-glaſſes,and the like. which colleft and unite the radiating heat. Thus 
the roughneſs and ſmoothneſs of a Body is made much more ſenſible by 
the help of a Microſcope, then by the moſt tender and delicate Hand. 
Perhaps, a Phyſitian might, by ſeveral other tangible proprieties, diſcover 
the conſtitution of a Body as well, as by the Pulſe. I do but inſtancein 
theſe.to ſhew what poſſubility there may be of many others, and what proba- 
bility and hopes there were of finding them.if this method were followed'; 
for the Offices of the froe Senſes being to detefi either the ſubtil and curi- 
ous Motions propagated through all pellucid or perfefily homogeneous 
 Bodtes; Or the moregroſs and vibrative Pulſe communicated through 
the Air and allother convenient mediums,whether fluid or ſolid : Or the 
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effluvia of Bodies diffolv'd iz tbe Air ; Or the particles of badges dil- 
folv'd or diffoluble in Liquors, or the more quick ond violent tha- 
king motion of heat in all or any of thefe: whatſoever does any wayes pro- 
mote any of theſe Kinds of criteria, does afford a —_ of improning fame 
one enſe Ani what a multitude of theſe mould a diligent Man meet 
with in his inquiries ® And this for the helping and promoting the (enfi. 
tive faculty mh. 

Next,as jor the Memory, or retentive faculty, we may be fufficiently 
mfrufied from the written Hiſtories of civil ations, what great afſi- 
ftance may be afforaed the Memory, in the committing to writing things ob. 
fervable natural operations. If a Phyſrtian be therefore accounted the 
more able in his Faculty, becauſe he has had long experience and pradiice, 
the remembrance of which, though perhaps very imperfett, does regulate all 
his after ations : What ought to be thought of that man, that has not only 
a perfect regiſter of his own experience,but is grown old with theexperience 
of many bundreds of years, and many thouſands of men. 

And though of Iate , men, beginning to be ſenſible of this convenience, 
have here and there regifired and printed fome few Centuries, yet for the 
moſt part they are ſet down very lamely and imperfetily, and, Ifear, many 
times not ſo truly, they ſeeming, ſeveral of them, to be deſugn'd more for 
Oftenration then publique uſe : For,not toinflance,that they de,for the 
moſt part omit thoſe Experiences they have made , wherein their Patients 
have miſcarried.jt is very eaſie to be perceiv'd,that they do all along hyper- 
bolically exrol their own Preſcriptions, and vilifie thoſe of others. Not- 
withſtanding all which, theſe kinds of Hiſtories are generally efteem'd uſe- 
ful, even tothe ableft Phyſitian. 

What may not be expefied from the rational or dedudtive Faculty 
that is furmiſht with ſuch Materials, and thoſe ſo readily adapted, and 
rang d for nſe,that in a moment, as "twere, thouſands of Inſtances, feruing 
for the illuſtration,determination, or invention, of almoſt any inquiry, 
may be repreſented even tothe fight ? How neer the nature of Axioms 
muſt all thoſe Propoſitions be which are examin'd before ſo many Wit 
nefles ? And how difficult will it be for any, though never fo ſubtil an &r- 
ror in Philoſophy, to ſcape from being diſcover d, after it hasindurd the 
touch, and ſo many other tryals * : d What 
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IV hat kind of mechanical way, and phyſical invention alſo is there re- 
quir d,that might not this way be found out ? The Invention of a way to 
find the Longitude of places is eaſily perform'd, and that to asgreat per- 
feftion as is deſir'd., or to as great anaccuratenels as the Latitude of 
places can be found at Sea; and perhaps yet alſo to a greater certainty 
then that has been hitherto found, as I ſhall very ſpeedily freely manifeſt 9 
the world. The way of flying in the Air ſeems principally unpraiicable, 
by reaſon of the want of ſtrength in humane mulcles ; if therefore 
that could be ſuppli d,it were,I think, eaſte to make twenty contrivances to 
' perform the office of Wings : What Attempts alſo I have made for the 
ſupplying that Defefi, and my ſucceſſes therein, which, IthinR., are wholly 
new,and not inconſiderable, I ſhall in another place relate. 
73s not unlikely alſo, but that Chymiſts, if they followed thia method, 
might find out their ſo much ſought for Alkahelt. What an univerſal 
Menſtruum , which diſolves all” forts of Sulphureous Bodies, Thave 
diſcover d ( mhich has not been before taken notice of as ſuch ) Thave 
ſhewninthe ſoxteenth Obſervation. * | 
What a prodigious variety of troentions in Anatomy has this latter 
Age afforded, even in our own Bodies,in the very Heart, by which we live, 
and the Brain.which is the ſeat of our knowledge of other things ? witneſs 
allthe excellent Works of Pecquer, Bartholinus, Billius, and many 
others ; and at home, of Dofior Harvy, Door Ent, Doftor Willis, Doftor 
Gliffon. Celeſtial Obſervations we have far exceeded all the An- 
tients,even the Chaldeans and Egyptians themſelves, whoſe vaſt Plains, 
high Towers,and clear Air, did not give them ſo great advantages over 
25, as we have over them by our Glafles. By the help of which, they have 
been very much outdone bythe famous Galileo, Hevelius, Zulichem ; 
and our own Countrymen, Mr. Rook, Door Wren, and the great Orna- 
ment of our Church and Nation.the Lord Biſhop of Exeter. And to ſay 
n0 more in Aerial Diſcoveries, there has been a wonderful progreſs mad: 
by the Noble Engine of the moſt Illuſtrious Mr. Boyle,whom it becomes 
me to mention with all honour, not only as my particular Patron,but as the 
Patron of Philoſophy it ſelf; which he every day 'increaſes by his La- 
bours, and adorns by hjs Example. s | 
The 
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The good ſucceſs of all theſe great Men,and many others, and the now 
ſeemingly. great obviouſnels of moft of their and divers other Inventions, 
which from the beginning of the world have been, as 'twere, trodon, and 
yet not minded till theſe laſt inquiſitive Ages ( an Argument that there 
may be yet behind multitudes of the like ) puts me in mind to recommend 
ſuch Studtes,and the proſecution of them by ſuch methods, tothe Gentlemen 
of our Nation.whoſe leiſure makes them fit to undertake, and the plenty 
of their fortunes toaccomplith, extraordinary things in this way. And I 
do not onlypropoſe this kind of Experimental Philoſophy as a matter of 
high rapture and delight of the mind, but even as a-material and ſenfi- 
ble Pleaſure. So vaſt z5 the variety of Obje&s which will come under 
their Inſpefions, ſo many difterent wayes there are of handling them, 6 
great is the ſaristaCtion of finding out new things, that [dare compare 
the contentment which they will injoy,not only to that of contemplation, 
but even to that which moſt men prefer of the very Senſes themſelves. 

And if they will pleaſe to take any incouragement from ſo mean 
and ſo imperfeci endeavours as mine, upon my own experience, I can 
aſſure them,without arrogance, That there has not been any inquiry or Pro- 
blem in Mechanicks, that I have hithertopropounded to my ſelf, but by a 
certain method ( which I may on ſome other opportunity explain ) T have 
been able preſently to examine the poſſbility of it ; and if ſo, as eaſily to ex- 
cogitate divers wayes of performing it : And indeed it 3s poſſible to do as 
much by this method in Mechanicks, as by Algebra can be perform'din 
Geometry. Nor can 1 at all doubt, but that the ſame method is as ap- 
plicable to Phyſical Enquiries , and as likely to find and reap thence as 
plentiful a crop of Inventions ; and indeed there ſeems tobe no ſubject ſo 
barren,but may with this good huchandry be highly improv d. 

Toward the proſecution of this method in Phyſical Inquiries, T have 
here and there gleaned up an handful of Obſervations, in the collefion of 
moſt of which Imade uſe of Microſcopes, and ſome other Glaſles and In- 
ſtruments that improve the ſenſe ; which way I have herein taken , not 
that there are not multitudes of uſeful and pleaſant Obſervables, yet wncol- 
kefied,obvious enough without the helps of Art , but only to promote the uſe 
hs Mechanical helps for the S enſesboth in the furvying the already viſible 

World, 
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World, and for the diſcovery of many others hitherto unknown, and to make 

4, with the great Conqueror,to be affetied that we have not yet overcome one 
World when there are ſo many others to be diſcovered, every conſiderable 
improvement of Teleſcopes or Microſcopes producing new Worlds and 
Terra-Incognita's to our wew, . 

. The Glaſſes T uſed were of our Engliſh make,but though very good of the 
' kind, yet far ſhort of what might be expefled, could we once find a way of 
making Glaſſes Elliptical, or of ſome more true ſhape ; for though both 
Microſcopes, and Teleſcopes, as they now are, will magmfie an Objef 
about a thouſand thouſand times bigger then it appears to the naked eye ; 
yet the Apertures of the Objef-glaſſes are ſo very ſmall, that very few Rays 
are admitted, and even of thoſe few there are ſo many falſe, that the Object 
appears dark and indiftin@ : And indeed theſe inconveniences are ſuch,as 
ſeem inſeparable from Spherical Glaſſes, even when moſt exatly made;but 
the way we have hitherto made uſe of for that purpoſe i (o imperfect, that there 
may be perhaps ten wrought before one be made tolerably good, and moſt of 
thoſe ten perhaps every one differing in goodneſs one from another, which is 
an Argument that the way hitherto uſed i4,at leaſt,very uncertain. So that 
theſe Glaſſes have a double defet;the one.that very few of them arc exatily 
true wrought ; the other, that even of thoſe that are beſt among them, none 
will admit a ſufficient number of Rayes to magnifie the Objeft beyond a 


determinate bigneſs. Againſt which Inconveniences the only Remedies I 


have hitherto met with are theſe. 


Firſt, for 2icroſcepes ( where the Object we view is near and within our 
er)the beſt way of making it appear bright in the Glaſs, isto caſt a great 
quantity of light on 1t by means of cenvex glafſes,for thereby,thaugh the aper- 
ture be very {mall,yet there will throng in through it ſuch multitudes,that an 
Object will by this means indure to be ma nifi'd as much again as it would 
be without it. The way for doing which is this. I make choice of ſome 
Room that has anly one window open to the South , and at about three or 
four foot diſtance from this Window,on a Table, I place my Microſcope, and 
then fo place either a round Globe of Water, or a very deep clear plawo corr- 
vex Glaſs ( whoſe convex fide is turn'd towards the Window ) that there 
18 a great quantity of Rayes collected and thrown upon the Object : Or if 
the Sun ſhine, I place a fmall piece of oyly Paper very near the Objett, be- 
tween that and the light 3 then with a good large Burning-GlafeI fo colle& 
and throw the Rayes on the Paper,that there may bea very great quantity 
, of light paſs through it ro the O jedt 3 yetI fo proportion that light, that it 
may 
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may not ſinge or burn the Paper. Inftead of which Paper there may be 
made uſe of a ſmall piece of Looking-glaſs plate, one of whoſe fides is made 
rough by being rubb'd on a flat Tool with very fine fand, this wilf, if the 
heat be leiſurely caſt on it, indute a much greater degree of hear, and cons 


- , ſequently very much augment a convenient light. By all which means the. 


light of the Sun, or of a Window, may be fo caſt on ah Obje, asto makeit 
twice as light as it would otherwiſe be without it, and that withour any int- 
convenience of glaring, which the immediate light of the Sun is'very apt to 
create in moſt Objects; for by this means the light isſo equally .diffuſed, 
that all parts are alike inlightned ; but when the immediate Fghr of the Sum 
falls on it, the reflexions from ſome few parts are 1o vivid, that they drown 
the appearance of all the other, and are themſelves alfo, by teafon of the in- 
equality of light, indiſtinCt, and appear only radiant ſpots. | 
But becaule the light of the Sun, and alſo that of a Window, is in a conti- 
nual variation, and ſo many Objects cagnot be view'd long enough by them 
to be throughly examin'd ; beſides that, oftentimes the Weather is ſo dark 
and cloudy, that for many dayes together nothing can be view'd: And be- 
caule alſo there are many Objects to be met with 1n the night, which cannot 
ſo conveniently be kept perhaps till the day, therefore to procure and caſt a 
ſufficient quantity of light on an ObjeCt in the night, I thought of, and often 


' uſed this, Expedient. 


I procur'd me a ſmall Pedeſtal, ſuch as is defcrib'd inthe fifth Figure of 
the firſt Scheme on the ſmall Pillar A B, of which were two movable 
Armes CD, which by meansof the Screws EF, Icould fix in any part of 
the Pillar; on the undermoſt of thele I plac'd a pretty large Globe of Glaſs 
G, fill'd with exceeding clear Brine, ſtopt, inverted, and fixt in the manner 
viſible in the Figure ; out of the fide of which Arm proceeded another 
Arm H, with many joynts ; to the end of which was faſtned a deep plain 
Convex glaſs I, which by means of this Arm could be moved ro and fro, and 
fixt in any poſture. On the upper Arm was placed a ſmall LampK, which 
could be fo mov'd upon the end of the Arm , asto- be ſet in a fit poſture to 
give light through the Ball : By means of this Inftrument duly plac'd , asis 
exprelt in the Figure, with the ſmall flame of a Lamp may be caſt as great 


_ and convenfent a light on the Object as it will well indure;and being always 


conſtant, and to be had at any rime. I found moſt proper for drawing the 
repreſentations of thoſe ſmall Objefts I had occaſion to obſerve. 

None of all which ways (though much beyond any other hitherto made 
uſe of by any I know }) do afford a ſufficient help, but after a certain 
degree of magnifying,they leave us again in the lurch. Henceit were very 


| deſirable, that fome way were thought of for making the Objef-glaſs of 


ſuch a Figure as would conveniently bear a large Aperture. 


As for Teleſcopes, the only improvement they ſeem capable of, #4 the 
increaſing of their length ; for the Objefi being remote, there is no thought 
of giving it a greater light then it has ; and therefore to augment the 
Aperture, the Glaſs muſt be ground of a very large ſphere ; for, by that 

f means. 
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be of an equal goodneſs in their kind. Therefore a ſix will indure Ll 
much larger Aperture then a three foot Glaſs ; and a ſixty foot Glaſs will 
proportionably bear a greater Aperture then a thirty,and will as much ex- 
cel it alſo as a ſix foot does a three foot, as 1 have experimentally obſeru'd 
in one of that length made by Mr. Richard Reives here at London, 
which will bear an Aperture above three inches over , and yet make 
the Objefi propertionably big and diftindt ; whereas there are wery 
few thirty foot Glaſſes that will indure an Aperture of more then two in- 
ches over. So that for Teleſcopes , ſuppoſing we had a very ready way 
of making their Object Glaſſes of exafily ſpherical Surfaces, we might, by 
increaſing the length of the Glaſs, magnifie the Objett to any aſſignable big- 
neſs. And for performing both theſe, 1 cannot imagine any way more ea- 
ſte.and more exa6t, then by this following Engine,by means of which, any 


becauſe with one and the ſame Tool may be with care ground an Objefi 
Glaſs, of any length or breadth requiſite, and that with wery little or no 
trouble in fitting the Engine, and without much $kill in the Grinder. 


regulate and reftifie the Tool to its exal Figure; andthe longer or more 
the Tool and Glaſs are wrought together, the more exa&t will both of them 
be of the deſir'd Figure, Further, the motions of the Glaſs and Tool do 
ſo croſs each other , that there is not one point of eithers Surface but has 
thouſands of croſs motions thwarting it , ſo that there can be no kind of 
Rings or Gutters made either in the Tool or Glaſs. 


The contrivance of the Engine is, only to make the ends of two large 
Mandrils ſo tomove , that the Centers of them may be at any convenient 
diſtance afunder, and that the Axis of the Mandrils lying both in the ſame 
plain produc'd, may meet each other in any afſignable Angle ; both which 
requilites may be very well perform*d by the Engine deſcrib'd in the third 
Figure of the firſt Scheme : where A B lignifies the Beam of a Lath fixt per- 
pendicularly or Horizontally, CD the two Poppet heads, fixt at about two 
foot diſtance, EF an Iron Mardril,whoſe tapering neck F runs in an adapt- 
ed tapering braſs Collar ; the other end E runs on the point of a Screw G : 
in a convenient. place of this is faſtned H a pully Wheel, and into the end of 

 1t,that comes through the Poppet head C, is ſcrewed a Ring of a hollow 
Cylinder K, 6r ſome other conveniently ſhap'd Too], of whit wideneſs ſhall 
| be 


means.the longer the Glaſs be, the bigger aperture pill it bear,if the Glaſſes 


Glaſſes,of what length ſoever,may be ſpeedily made.lIt ſeems the moſt eaſie, 


It ſeems to be the moſt exaGi , for to the wery laſt ſtroke the Glaſs does 


, 
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bs thought moſt proper for the cize of Glaſſes , about which itis to be im- 
ploy'd : As, for Object glaſſes, between twelve foot and an hundred foot 
long , th? Ring may be about lix inches over, or indeed ſomewhat 
more for thoſe longer Glaſſes. It would be convenient alſo, and not 
very chargeable, to have four or five ſeveral Tools; as one for all Glaſſes 
between an inch and a foot, - one for all Glaſſes between a foot and ten foot 
long, another for all between ten and an hundred,a fourth for all between x 
hundred and a thouſand foot long 3 and it Curioſity ſhall ever proceed ſo 
far,one for all lengths between a thouſand and ten thouſand foot long ; for 
indeed the principle is ſuch,that ſuppoling the A/ardrils well made,and of a 
good length, and ſuppoſing great care be uſed in working and poliſhing 
them] ſee no reaſon, but that a'Glaſs of a thouſand,nay of ten thouſand foot 
long, may be as well madeasone of ten; for the reaſon is the ſame,ſuppoſing 
the Marndrils and Tools be made ſufficiently ſtrong, ſo that they cannot 
bend; and ſuppoſing the Glafs, out of which they are wrought, be capable 
of ſo great a regularity in its parts as to refraction: this hollow Cylinder Ks 
1s to contain the Sand, and by being drove round very quick to and fro by 
means of a ſmall Wheel, which may be mov'd with ones foot, ſerves to grind 
the Glaſs : The other /44zdril 1s ſhap'd like this, but it hasan even neck in- 
ſtead of a taper one,and runs in a Collar, that by the help of a Screw, and a 
Joynt made like M in the Figure, it can be ſtil] adjuſtned to the wearing or 
waſting ncck :' into the end of this Mandril is ſcrewed a Chock N, on which 
with Cement or Glew 1s faſtned the piece of Glaſs Q that isto be form'd 
the middle of which Glaſs is tobe plac'd juſt onthe edge of the Ring, and 
the Lath OP is to beſet and fixt ( by means of certain pieces and ny 
the manner whereof will be ſufficiently evidenc'd by the Figure ) in ſuch 
an Angle asis requilite to the. forming of ſucha Sphere as the Glaſs is de- 
ſign'd tobe of; the geometrical ground of which being ſufficiently plain, 
though not heeded before, I ſhall, for brevities ſake, paſs over. This laſt 
Mandrilis to be made ( by means of the tormer, or ſome other Wheel ) to 
run round very {wift alſo, by which two croſs motions the Glaſs cannot 
chu'e ( if care be usd ) but be wrought-into a moſt exactly ſpherical 
Surface. 


But becauſe we are certain, from the Laws of refra&tion ( which I 
. I have experimentally found to be ſo,by an Inſtrument T ſhall preſently de- 
ſeribe ) that thelines of the angles of Incidence are proportio- 
nate tothe lines of the angles of Refra&tion, therefore if Glaſſes could 
be made of thoſe kind of Figures, or ſome other, ſuch asthe moſt incompa- 
rable Des Cartes has invented, and demonftrated in his Philoſophical and 
Mathematical Works.we might hope for a much greater perfection of Opticks 
then can be rationally expefted from ſpherical ones; for though,czteris pa- 
ribus, we find, that the larger the Teleſcope Object Glaſſes are, and the 
ſhorter thoſe of the Microſcope, the better they magnifie, yet both of them, 
| beſuds 
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beſide fuch determinate dimenſions , are by certain inconveniences rendred 
wnuſeful ; for it will be exceeding difficult to make and manage a Tube 
lows an hundred foot long, and it will be as difficult to inlighten an 
OhjeBt leſs then an hundred part of an inch diſtant from the Objefi Glaſs. 

I have not a yet made any attempts of that kind, though I know two or 
three wayes, which, as far as T have yet conſidered, ſeem very probable,and 
may invite me.to make a tryal as ſoon as Thave an opportunity, of which I 
may hereafter perhaps acquaint the world. Inthe Interim, I ſhall deſcribe 
the Inftrument Teven now mention'd, by which the retra&tion of all kinds 
of Liquors may be moſt exaHtly meaſur d, thereby to give the curious an 

opportunity of making what further tryals of that kind they ſhall think 

"requiſite to any of their intended tryals ; and to let them fee that the laws 


of Refrattion are not only notional. 
The Inſtrument conſiſted of five Rulers , or long pieces placed together, 
after the manner expreſt in the ſecond Figure of the firſt Scheme, where 
AB denotes a raipht piece of wood about fix foot and two inches long, 
about three inches over, and an inch and half thick , on the back fide of 
which was hung a ſmall plummet by a line ſtretcht from top to bottom, by 
which this piece was ſet exactly upright,and ſo very firmly tixt ; in the mid- 
dle of this was made a hole or center, into which one end of a hollow cy- 
lindrical braſs Box CC, faſhion'd asT ſhall by and by deſcribe , was plac'd, 
and could very eaſily and truly be mov'd to and fro ; the other end of this 
Box being put into, and moving in, a hole made in a ſmall arm DD; into 
this þox was faſtned the long Ruler EF, about three foot and three or ſour 
inches long, and at three foot from the above mention'd Centers P P was 
. a hole E, cut through, and croſs d with two ſmall threads, and at the end of 
it was fixt a ſmall ſight G, and on the back ſide of it was fixt a ſmall Arm H, 
with a Screw to fix 1t in any place on the Ruler LM; this Ruler LM was 
mov'd on the Center B ( which was exaCtly three foot diſtance from the 
middle Center P ) and a line drawn through the middle of it LM, was 
divided by a Line of cords into ſome ſixty degrees,and each degree was ſub- 
divided into minutes, ſo that putting the croſs of the threads in E upon an 
part of this divided line, I pre res boat what Angle the two Rules A 
and EF made with each other, and by turning the Screw in H, I could fix 
them in any poſition. The other Ruler alſo RS was made much after the 
ſame manner, only it was not fixt to the hollow cylindrical Box, but,by means 
of two ſmall braſs Armes or Ears, it mov'd on the Centers of it ; this allo, 
by means of the croſs threads in the hole $, and by a Screw in K, could be 
faſtned on any diviſion of another line of cords of the ſame radius drawn on 
NO. And fo by that means, the Angle made by the two Rulers, AB and 
R$, was alſo known. The Brafs box CC in the middle was ſbap'd very 
much like the Figure X, that is, it was a cylindrical Box ſtopp'd cloſe at e1- 
ther end,off of which a part both of the fides and bottomes was cut out. {© 
| that 
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that the Box, when the, Pipe and thdtiwas; joyned to.it;woyld gentain the 


Water when.fill'd half full,. and would likewile, 'withqut ronping overs in- 
Angle, « s gbeateſt: reftatHbir 6 


ET EA = 


Liquor in C C, which is determined by the two Angles. 


By means of this Inſtrument 1 can withlittle trouble, and a very: 
ſmall quantity of any Liquor, examine, moſt accutately, the refra@ion' 
of it ,, not only for. one inclination, but for all; and thereby am inabled 
zo make very accurate Tables ; ſeveral of which Thave alſo experimentally 
made,and find, that Oyl of Turpentine has amuch greater Refrattion 
then Spirit of Wine, though it be lighter ; - and that Spirit of: Wine: 
has a greater Refr aftion then Water, thoughit be lighter alſo": (ut that. 


£ 


falr Water alſo bas a greater RefraShion then freſh, though ied heavier & 
but Alum warer has a Ie8 refraffion then comnion Water, hbugh Dey? 
vier alſo.So that it ſeems,as to the refraQtion, made in a-Liquor the ſpeci- | 
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fick gravity 3 ofno efficacy. By this T have alſo found that look what pro- 
portion. the Sine of the Angle of one Inclination Þas to the Sine of the 
Angleof Refrattion, correſpondent to it, the ſame proportion have all 
the Sines of other Inclinations to the Sines of their appropriate Refraftions, 


way for meaſuring how much a Glaſs magnifies an ObjeQ, plac'd at a 
PM: 4.4 diſtance ram. my eye;,is this. Having reCtifi d the 4icroſcope, to 
ſee the deſir'd Object through it very diſtin&ly, at the ſame time that ] look 
upon the Obje& through the Glaſs with one eye, I look upon other Objeds- 
at the fame diſtance with my other bare eye; by which means I am able, 
by the help of a Axler divided into inches and ſmall parts, and laid on the 
Pedeſtal of the Microſcope,to caſt,as it were, the magnifi'd appearance of the 
Objett upon the Ruler,and thereby exaCtly to meaſure the Diameter it ap- 
pearsof through the Glaſs, which being compar'd with the Diameter it ap- 
pears of to the naked eye, will eaſily afford the quantity of its magnify- 
Ing. 
She Microſcope, which for the moſt part I made uſe of, was ſhap'd much 
like that in the fixth Figure of the firſt Scheme, the Tube being for the moſt 
part not aboye fix or ſeven inches a, a. by reaſon it had four Draw- 
ers, it could very much be lengthened, as occaſion required ; this was con- 
trivd withthree Glaſſes;a ſmall Obje& Glaſs at A,a thinner Eye Glaſs about 
B, and a very deep one about C: this Imade uſe of only when I had oc- 
cafion to ſee much of an Obje& at once; the middle Glaſs conveying a 
very great company of radiating Pencils, which would go another way, and 
throwing them upon the deep Eye Glaſs. But when ever I had occation to 
examine the ſmall parts of a Body more accurately, I took out the middle 
Glaſs,and only made uſe of one Eye Glafs with the Object Glaſs, for always 
the fewer the RefraCtions are, the more bright and clear the Object appears. 
And therefore 'tis not to be doubted , but could we make a Microſcope to 
have one only refrafion, it would, ceteris paribus, far excel any other that 
' had agreater number. And hence it is, that if you take a very clear piece 
of a broken Yerice Glaſs, and ina Lamp draw it out into very ſmall hairs or 
threads, then holding the ends of theſe threads in the flame, till they melt 
and run into a ſmall round Global, or. drop, which will hang at the end of 
the thread; and if further you ſtick ſeveral of theſe upon the end of aſtick 
with a litle ſealing Wax, ſo,gs that the threads ſtand upwards, and then on 
4 Whet ſtone firſdgrind off a good part of them, and afterward ona ſmooth 
tal plate, with a. little Tripoly, rub. them till they. come to. be . very 
nooth 3 if one of theſe be fixt with a little ſoft Wax againſt a. ſmall needle 
hole, prick'd through a thin Plate of Braſs, Lead, Pewter, or any other Me- 
al, and an Object, plac'd very near, be look'd at through it, it wil. beth 
agnific apd,make ſome Objects more diſtip&t then any of the great 2/icro- 
opes. Bpit becauſetheſe, though exceeding eaſily made, are yet very trou- 
bleſometo beius'd,becauſe of their ſmalneſs,and the nearneſsof the Objett z 
therefbro th; prevenyboth theſe, and yer have only twaRefraQtions; 'þ pro- 
vided mea Tube of Brafs, ſhap'd much like that in the fourth Figyre of the 
firft $cherre; Into the fmaller end of thisF fixe with Waxa good plots 007 
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vex Objet Glaſs,with the convex fide towards the OQbje&, and into the 
bigger end I fixt alfo with wax a pretty large plano Convex Glaſs, with. 
the cozvex fide towards my eye, then by means of the ſmall hole 
by thefide, I fill'd the intermediate ſpace between theſe two Glaſſes 
with very clear Water, and with a Screw ſtopp'd itin; then purti 
ona Cell for the Eye, I could perceive an Obje(t more bright then I coul 
when the intermediate ſpace was only fill'd with Air, but this, for other in- 
conveniences, I made but little uſe of. 

My way for fixing both the Glas and Object to the Pedeſtal moſt conve- 
niently was thus : Upon one ftde of a round Pedeſtal A B, in the fixth Fi- 
gure of the firſt $cheme,was fixt a ſmall Pillar CC, on this was fitted a fmall 
Iron Arm D, which could be mov'd up and down, and fixt in any part of the 
Pillar, by means of 8 ſmall Screw Ez onthe end of this Arm was a ſmall Ball 
fitted intoa kind of ſocket F, made in the fide of the BraſsRing G, through 
which the ſmall end of the Tube was fcrew'd ; by means of which contri- 
vance I could place and fix the Tube in what poſture I defir'd ( which for 
many Obſervations was exceeding neceſſary ) and adjuſten it moſt exattly 
to any Object. | 

For placivg the Obje&,I made this contrivance z upon the end of a ſmall 
braſs Link or Staple H H, I fo faſtned a round. PlateI I, that it might be 
turn'd round upon its Center K, and going pretty ſtiff, would ſtand 
fixt in any poſture it wasſet ; on the fide of this was fixt a ſmall Pillar P, 
about three quarters of an inch high, and throngh the top of this was thruſt 
a ſmall Iron pin M, whoſe top juſt ſtood over the Center of the Plate ; on 
this top I fixt a ſmall Object, and by means of theſe contrivancesI was able 
to turnit into all kind of poſitions, both to. my Eye and the Light 3 for by 
moving round the {mall Plate on its center, I could move it one way, and by 
turning the Pin M, I could move it another way, and this without ſtirring 
the Glaſs at all , or atleaſt but very little : the Plate likewiſe I could move 
to and froto any part of the Pedeſtal, ( which in-many caſes was very con- 
venient ) and fx it alſo in any Poſition, by means of a Nut N, which was 

Fcrew'd on upon the lower part of the Pillar CC. All the other Con- 
trivances are obvious enough from the draught,and will need no deſcription 


Now though this were the Inflrument 1 made moſt uſe of, yet I have 
made ſeveral other Tryals with other kinds of Microſcopes, which both 
for matter and form were wery different from common ſpherical Glaſſes. 
Thave made a Microſcope with one piece of Glaſs, both whoſe ſurfaces 
were plains. 1 have made another only with a plano concave, without 
any kind of reflebiion, divers alſo by-means of refle@tion. Bhave made 

others of Waters, Gums, Refins, Salrs, Arſenick, Oyls, and with 
divers other mixtures of watery and oyly Liquors. Andindeedthe 
ſubjefF 33 capable of a great variety; but I find generally-none more uſe- 
ful then thatwhich ismade withewo Glaſſes, ſuch as T have already de- 
ſarib'd. What 
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What the things are T oſers'd, the following deſcriptions will manifeſt ; 
in brief; they were either exceeding ſmall Bodies, or exceeding ſmall: 
Pores, or exceeding ſmall Motions, ſome of each of which the Reager 
will find in the following Notes,and ſuch, as Ipreſume, ( many of them 
at leaſt) will be new, and perhaps not leſs ſtrange : Some ſpecimen of 
each of which Heads the Reader will find in the ſubſequent delineations, 
and indeed of ſome more then I was willing there ſhould be; which Was 
occaſioned by my firſt Intentions to print a much greater number then I 
have ſince found time to compleat. Of ſuch therefore as Thad, I ſelei-: 
; edonly ſome few of every Head, which for ſome particulars ſeem'd moſt ob- 
ſervable, rejeling the reft as ſuperfluous to the preſent Deſign. 

IVhat each of the delineated Subjefis are,the following deſcriptions an- 
next to each will inform,of which I ſhall here, only once for all, add, That 
in divers of them the Grawers have pretty well follow 4 my direftions and 
draughts ; and that in making of them, I indeavoured ( as far as Iwas 
able ) firſt to diſcover the true appearance ,, and next to make a plain re- 
preſentation of it. This I mention. the rather, becauſe of theſe kind of 
Objefs there is much more difficulty to diſcover the true ſhape , then of 
thoſe viſible to the naked eye, the ſame Objeft ſeeming quite differing, in 
one poſition to the Light, from what it really 32, and may be diſcover 4 
in another. And therefore I never began to make any draught before by 
many examinations in ſeveral lights, and in ſeveral poſitions to thoſe 
lights, I had diſcover'd the true form. For it 3s exceeding difficult in. 
ſome Objefis , to diſtinguiſh between a prominency and adepreſſion, 
between a ſhadow anda black ftain, or a refle&ion and a whiteneſs 
in the colour. Beſpdes, the tranſparency of moſt Objetts renders then 
yet much more difficult then if they were opacous. . The Eyes of a Fly in 
ene kind of light appear almoſt like a Lattice, drill-d through with abun- 
dance of ſmall holes ; which probably may be the Reaſon, why the Ingeni- 
ous Dr, Power. ſeems to ſuppoſe them, ſuch. In the Sunſhine they look. 
like a Surface cover d with golden Nails.; in another poſture,like a.Sur- 
face couer'd. with Pyramids ;. in another with Cones; and in.other po- 
frares of quite other ſhapes ; but that which exhibits the beſt, is the Light 
collected 'on the Obje&i, by thoſe means Thave already deſerid'd, 1 \_. 
\, nd 
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And this was undertaken in proſecution of the Deſign which the ROY- 
AL SOCIETY haspropos'd to it ſelf. For the Members of the Aſſembly hii- 
ving before their eys ſo many fatal Inſtances of the errors and falſhoods,jn which 
the greateſt part of mankind has ſo long wandred, becauſe they rely'd upon the 
ſtrength of humane Reaſon alone, have begun anew to corre& all Hy- 
potheſes by ſenſe, a5 Seamen' do their dead Reckonihgs by Coeleſtial 
Obſervations;and to this purpoſe it. has. been their principal indeavour toen- 
large «0 ſtrengthen the Senſes by Medicine;and by ſuch outward Inſtru- 
ments 4 are proper for their particular,works. By this means they find ſome 
reaſon to ſuſpeF.that thoſe effetis of Bodies which have been commonly attri- 
buted to Qualities; and thoſe confeſs'd to be occult, are perform'd by the 
ſmall Machines of Nature, which are:not to be diſcern d without theſe helps, 
ſeeming the meer produtts of Motion, Figure,and Magnitude; and that the 
Natural Textures, which ſome call the Plaſtick faculty, may be made in 
Looms,which a greater perfedion of Opticks may make diſcernable by theſe 
Glaſſes:ſo as now they are no more puzzled about them,then the wulgar are to 
conceive, howTapeſtry or fiowred Stuffs are woven. And the ends of all theſe 
Inquiries they intend to be the Pleaſure of Contemplative minds, but above 
all the eaſe and diſpatch of the Iabours-of meris hands.They do indeed neg- 
led no opportunity to bring all the rare things of Remote Countries within the 
compaſs of their knowledge and praflice.But they ſtill acknowledg their moſt 
uſeful Informations to ariſe from conimon things, - and from diverfitying, 
their moſt ordinary operations upon them. They donot wholly reject Experi- 
ments of meer light and theory.; but they principally ain at ſuch, whoſe 
Applications will. improve and facilitate the preſent way of Manual Arts.. 
Andthough ſome men, who are perhaps taken up about leſs honourable Ems. 
ployments, arepleas d to cenſure their proceedings,. yet they can ſhew more 
fruits of their firſt three years, wherein they have aſſembled, then any other. 
Society i# Europe can for 4 much larger ſpace of time.'7s true, ſuch uns\ 
dertakings as theirs do commionly meet with ſmalli incouragement.,” becauſe. 
men are generally rather taken with the plaufible'and diſcurfive, then'the: 
real and the ſolid part of Philoſopty 3 yet by the good fortune of -htir inflitus 
tion.in.an Age of all others the moſt \nquifitive,they have been aſhiſted by the\ 
contriburion and preſence of very many ofthe chief Nobility and Gentry: 
g and 
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«nd others,who are ſome of the moſt confiderable in their ſeveral Profeſſions. 
But that that yet farther convinces me of the Real eſteem that the more (e- 
rious part of men have of this Sociery,zs, that ſeveral Merchants,men who 
oi in earneſi(whoſe Objefi 3s meum v& tuum,that great Rudder of humane 
affairs)bave adventur d conſiderable ſums of Money.to put in prattice what 
ſome of our Members have contrived, and have continued ſtedfaſt in their 
good opinions of ſuch Indeavours, when not one of a hundred of the vulgar 
have believed their undertakings feaſable. And it 33 alſo fit to be added that 
they have one advantage peculiar to themſelves,that very many of their num- 
ber are men of Converſe and Traffick ; which 5 a good Omen, that their 
attempts will bring Philoſophy from words to aQion.ſeeing the men of Buſi- 
neſs have had fo great a ſhare in their firſt foundation. 
And of this kind Tought not to conceal one particularGenerofity,which more 
nearly concerns my ſelf.It is the munificence of Sir JohnCurtler,in endowing 
a Leure for the promotion of Mechanick Arts,to be governed and direfied 
byThisSociety .ZhisBounty I mention for the Honourableneſs of the thing it 
felf and for the expetation which I have of the efficacy of the Example ; for 
it cannot now be objefied to them.that their Deſigns will be eſteemed frivolous 
and vain, when they have ſuch a real Teſtimony of the Approbation of 
a Man that 32 ſuch an eminent Ornament of this renowned City, and one, 
who, by the Variety, and the happy Succeſs, of ha negotiations, has given 
evident proofs, that bes not eaſte to be deceiv'd. This Gentleman has well 
obſers'd, that the Arts of life have been too long impriſon'd inthe dark. 
foops of Mechanicks themſeboes.t9 there hindred from growth.either by ig- 
norance;pr ſelf-intereſt;and he has bravely freed them ftom theſe incorveni- 
ences:He hath not only-obliged Tradeſmenbut Trade it ſelf: He bav done a 
nork. that i2 worthy of Landon, and-has taught the chief City of Commerce 
in the world the right way how Commerce tobe improv'd. We have atready 
ſeen many other great figns of  Liberality and a large mind, fromthe ſame 
hand: For by bis diligence-about theCorporation for the Poor;dy biv\bono- 
rableSubſcriptions jor the rebuilding of t.Paul's:by Þys chearful Digburd- 
ment for #btreplanting of Ireland ,and by many other fath publick works, 
he bas fbewn-by what meats he indenvours to eſtablith\ bis Memory';" and 
row by th14 laſt gift be ha tone that which became-one ofthe wilelt Citizens 
__ LO of 
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of our Nation to accompliſh, ſeeing one of the wiſeſt of our Stateſmen,the 
Lord Verulam, firſt propounded it, 

But to return to my Subje@, from a digreſſion, which, I hope,niy Reader 
will pardon me, ſeeing the Example is ſo rare that I can make no more ſuch 
digreſſ ons. If theſe my firſt Labours ſhall be any wayes uſeful to inqui- 
Ting men, 1 muſt attribute the incouragement and promotion of them to a we- 
ry Reverend and Learned Perſon, of whom this ought in juſlice to be ſaid, 
That there is ſcarce any one Invention, which this Nation has pro- 
duc'd in our Age, but ir has ſome way or other bcen ſer forward by 
his aſſiſtance. My Reader,d believe,will quickly gheſs, that it is Dr. Wil- 
kins that I mean.He 3; indeed a man born for the good of mankind,and for 
the honour of his Couutry. In the tweetnels of whoſe behaviour. the 
calmneſs of his mind, #1 the unbounded goodnels of his heart, we have 
an evident Inſtance, what the true and the primitive unpaſſionare Religi- 
on was, before it was ſowred by.particular Fations, 11 a word, his Zeal 
has been ſo conſtant and effeftual in advancing all good and profitable 
Arcs,that as one of the Antient Romans ſaid of Scipio, That he thanked 
God that he was a Roman ;' becauſe whereever Scipio-had been born, 
there had been the ſear of the -Empire. of the world : So may [ thank. 
God, that Dr. Wilkins wasan Engliſhman, for whereever he had lived, 
there had been the chief Seat of generous Knowledge and true Philoſo- 
phy. 7o thetruth of thiz;zhere are ſo many worthy men living that will ſub- 

ſcribe, that I am confident, what 1 have here ſaid, will not be look'd upon, 
by any ingenious _— 95 a Panegyrick, but only as a real teſtt- 
mony. 

By the Advice f this Excellent man { firft ſet upon this Enterpriſe; yet 
fill came to it with mich Relutancy becauſe I was to follow the footſteps of 
fo eminem a Perſonas Dr.Wren , whowazsnbe firſt that attempted any 
thing of this nature ; whoſe original draughts do now makgoneof the Orma- 
ments of that great Colle Zion of Rarities in the Kings Cloſet. This Ho- 
nor, which hs firſt beginnings of this kind hawe receiv/d, to be admitted in- 
to the moſt famous place of the world,did not ſo much incourage, as the ha- 
zard of coming after Dr. Wren did aftright me ; for of him Imuſt aff Irm, 


that fence the time of Archimedes, there ſcarce ever met in one man, in ſo 
great 
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great a perfeftion, ſuch a Mechanical Hand, and fo P ulolopaica a 
Mind. 

But at laſt, being aſſured both by Dr. Wilkins,and Dr. Wren Limſel: 
that he had given over his intentions of proſecuting it, and not finding that 
there was any elſe de deſign d the purſuing of it, ſet upon this Sh and 
was not a little incourag'd to proceed in it, by the Honour the Royal Society 
was pleas'd to favour me with,jn approving of thoſe draughts (which from 
time to time as Thad an opportunity of deſcribing) Ipreſented to them, And 
particularly by the Incitements of divers of thoſe Noble and excellent Per- 
fons of it, which were my more eſpecial F inks were not leſs urgent with 
me for the publiſhing, then for the proſecution of them. 

After I had almoſt compleated theſe Piflures and Obſervations ( ha- 

wing had divers of them ingraven , and was ready to ſend them to the 
Preſs ) Iwas informd , that the Ingenious Phyſitian Dr. Henry Power 
had made ſeveral Microſc copical Obſervations,which had I not afterwards, 
upon OUT interchangably viewing each others Papers, found that they were 
for the moſt part differing from mine, either in the Subjeft it ſelf, or in the 
particulars taken notice of ; and that his deſign was only ts print Obſer- 
vations without Pittures,I bad even then ſappretled what Thad fo far pro- 
ceeded in. But being further excited by ſeveral.of my Friends, in comply- 
ance with their opinions, that it would not be unacceptable to ſeveral inqui- 
frtive Men, and hoping alſo, that I ſhould thereby diſcover famething 
New to the World, I have at length caſt in my Mite, into the vaſt Treaſu- 
ry of A Philoſophical Hiſtory. And it is my hope, as well as belief, that 
theſe my Labours will be no more comparable to the ProduQtions of. many 
other Natural Philoſophers, who are now every where buſie about greater 
things ; then my little Objefts are tobe compar d to the. greater and more 
beautiful Works of Nature, AF lea, a Mite, a as to an Hor Ek- 
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Obſerv. I. Of the Point of a ſharp ſmall Needle. 


S in Geometry, the moſt natural way of beginning is $hems.2; 
from a Mathematical poizt ; foisthe ſame method in Fig.1, 
Y Obſervations and Natwral hiſtory the nioſt genuine.,fim- 
ple, and inſtructive. We muſt firſt endevour to make 
letters, and draw ſpngle ſtrokes true , before we vens- 
ture to write whole Sexterces, or to draw large Pi- 
dures. And in Phyſical Enquiries, we muſt endevour 
to follow Nature in the more plaiz and eaſe ways ſhe 
treads in the moſk ple and ancomponnded bodies, totrace her ſteps, and 
be acquainted with her manner of walking there, before we venture our 
ſelves into the multitude of meanders the has in bodies of a more complica- 
ted nature; leſt, being unable to diſtinguiſh and judge of our way, we 
quickly loſe both Nature our Guide,and owr ſe/ves too.and are left to wan- 
der in the labyrinthot groundlels opinions; wanting both jzdgmert, that 
light, and experience, that clew, which thould direct our proceedings. 
We will begin thele our Inquiries therefore with the Obſervations of 
Bodies of the molt ple ature fir{t,and fo gradually proceed to thoſe of a 
more compounded one.In proſecution of which method, we ſhall begin with 
a Phyſical point; of which kind the Point of a Needle is commonly reckon'd 
for one ; and is indeed, for the moſt part, made fo ſharp, that the naked 
eye cannot diſtinguiſh any parts of it : It very eaſily pierces, and makes its 
way through all kind of bodies ſofter then it lelf:But if view'd witha very 
good Microſcope, we may tind that the top of a Needle {though as = he 
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ſenſe very ſharp) appears a broad,blunt, and very irregular end ; not reſeni- 
bling a Lang ts ery but onely a piece of a tapering body, witha 
great part of the top remov'd, or deficient. The Points of Pins are yet 
more blunt, and the Points of the moſt curious Mathematital Inſtruments 
do very ſeldome arrive at fo great a ſharpneſs ; how much therefore can 
be builtupon demonſtraticns made onely by the productions of the Ru- 
ler and Compaſſes, he will be better able to conſider that ſhall but view 
thoſe points and lines with a Microſcope. | 
Now though this point be commonly accounted the ſharpeſt (whence 
when we would expreſs the ſharpneſs of a point the moſt ſuperl/atrvely, we 
ſay, As ſharpasa Needle) yet the Microſcope can afford us hundreds of In- 
ſtances of Points many thouſand times ſharper : ſuch as thoſe of the hairs, 
and briſtles, and claws of multitudes of InſedFs; the thorns, or crooks, or . 
Bairs of leaves, and other ſmall vegetables; nay, the ends of the ſtirie or 
ſmall paralclipipeds of Amianthus , and alumen plumoſum; of many of 
which, though the Points are ſo ſharp as not to be vitible, though. view'd 
with a Aicrejfope (which magnifies the Object, in bulk, above a million of 
times) yetT doubt not, but were we able praGically to make Microſcopes 
according to the theory of them, we might find hills, and dales,and pores, 
and a ſufhcient bredth, or expanſion, to = all thoſe parts elbow-room, 
even inthe blunt top of the veryPoint of any of theſe fo very _ bodies. 
For certainly the qzantity or extenſion of any body may be Dzviſible in: int- 
finitum, though perhaps not the watter. 

But to proceed : The Image we have here exhibited in the 
firſt Figure, was the top of a ſmall and very ſharp Needle, whoſe 
point 4 4 nevertheleſs appear'd through the Aficroſcope above a 
quarter of an inch broad, not round nor flat , but irregular and #- 
ever ; 1o that it ſeem'd to have been big enough to have afforded a 
hundred armed Mites room enough to be rang'd by each other withour 
endangering the breaking one anothers necks, by being thruſt off on ci- 
ther ſide. The ſurface of which, though appearing to the naked eye very 
ſmooth.could nut nevertheleſs hide a multitude of holes and ſcratches and 
ruggednefſles from being diſcover'd by the A4icroſcope to inveſt it, ſeveral 
of which inequalities (as A,B,C, ſeem'd holes made by ſome ſmall ipecks of 
Aſt; and D ſome adventitions body, that ſtuck very cloſe to it) wete ca- 
ſal. All the reſt that roughen the ſurface, were onely ſo many marks of 
the rudeneſs and bungling of Art. So unaccurate is it, in all its produGti- 
ons, even in thoſe which ſeem moſt neat, that if <xamin'd with an organ 
more. acute then that by which they were made, the more we ſec of their 
ſhape, the leſs appearance will there be of their beauty : whereas in the 
works of Natare, the deepeſt Diſccveries ſhew us the greateſt Excellen- 
cies. An evident Argument, that he that was the Author of all theſe 
things, was no other then 0-2xipotent ; being able to include as great a va- 
Tiety of parts and contrivances 1n the yet ſmalleſt Diſcernable Point, as in 
thoſe vaſter bodies (which comparatively are called alſo Points) ſuch as 
the Earth, $#z:, or Planets. Nor need it feem ſtrange that the Earth it ſelf 
may be by anAzalogie call'd a'Phyſical Point:For as its body,though now 
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2 * fonear us as tofill our eysand fancies with a ſenſe of the yaſtneſs of it, 
- - © may byalittle Diſtance, and ſome convenient Diminiſhins Glaſſes, be 

made vaniſh into a ſcarce viſible Speck, or Point ( as I have ofteri 
| try'd on the Moor, and (when not too bright) on the $#z it ſelf.) So, 
-could a Mechanical contrivance ſuccesfully anſwer our Theory, we night 


 ® the Earth. | 
But leaving theſe Dilcoverics to future Induftries; we ſhall proceed to 
add one Obſervation more of a poiz7t commonly ſo call 'd.that is, the mark 
of a full ſtop, or period. And for this purpoſe I obſerved many both printed 
ones and writtez ; and among multitudes I found few of theih more round 
or regular then this which I have delineated in the third figure of the ſe- 
cond Scheme, but very any abundantly wore disfiexr'd; and for the 
moſt part if they ſeem'd equally round to the eye, I found thoſe points 
that had been made by a Copper-plate, and Roll-preſs, to be as misſhapen 
as thoſe which had been made with 7ypes, the moſt curious and ſmothly 
engraver ſtrokes and points, looking but as ſo many furrows and holes, and 
their printed impreſſions, but like ſmmntty danbings on a matt or uneven 
floor with a blunt extinguitht brand or ſtick's end. And as for poirts 
made with a per: they were much zzore rxeged and deformed. Nay,having 
view d certain pleces of exceeding curious writing of the kind ( one of 
which in the bredth of a #wo-perce compris'd the Lo#ds prayer, the Apoſtles 
Creed, the ten Commandments, and about half a dozen verſes beſides of the 
Bible, whoſe lines were ſo ſmall and near together, that I was unable to 

' © mumber them with my zaked eye, a very ordinary Microſcope, T had then a- 
* / bout me, inabled meto ſce that what the Writer of it had aflerted was 
true, but withall diſcover'd of what pitifull bxngling ſcribbles and ſerawls 
it was compos d,Arabiar and China charaFers being almoſt as well ſhap'd 3 
yet thus much I muſt ſay for the Man, that it was for the moſt part /egible 
enough, though in ſome places there wanted a good fartſy well prepoſeſt 
to help one through. If this manner of ſal! writing were made eaſe and 
praGicable ( and I think I know ſuch a one, but have never yet made 
tryal of it, whereby one might be inabled to write a great deale with much 
eaſe, and accurately enough in a very /ittle roome ) 1t might be of very 
good uſe to convey ſecret Intel/igence without any danger of Diſcovery 
Or fires But to come again to the point. The Trregzlarities of 1t 
are cauſed by three or four coadjutors, one of whichis, the anever ſurface 
of the paper, which at beſt appears no ſmother then a very courſe piece of 
ſhag'd cloth, next the irregularity of the Type or Ingraving, and a third is the 
rough Daubing of the Printing-Inkthat liesupon the inſtrument that makes 
the impreſſion, to all which, add the variation made by the Different 
lights and ſhadows, and you may have ſufficient reaſon to gheſs that a poirt 
may appear much more xg/ then this, which I have here prefented, which 
though it appear'd through the Microſcope gray, like a great ſplatch of 
London dirt. about three inches over ; yet to the zaked eye it was black, 
and no bigger then that in the midſt of the Circle A. And could : _ 

oun 


ſee the leaſt ſpot as big as the Earth iz ſelf ; and Diſcover, as Des Cartes Diop ch. 
Z alſo conjectures, as greata variety of Eodies in the 11002. or Planets. as in 39. $9. 
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found Room in this Plate to have inſerted an O you ſhould have ſeen that 
the letters were not more diſtinct then the poirrts of Diſtinction, nor a 
drawn circle more exaGtly ſo,then we have now ſhown a point to be a point. 
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Obſerv, I1, Of the Edge of a Razor. 


_—— — 


— 


He ſharpeſt Edge hath the ſame kind of affinity to the ſharpeſt Poirt 

[ in Phyſicks, as a ize hath to a point in Mathematicks ; and therefore 
the Treaty concerning this, may very properly be annexed to the for- 
mer. A Razor doth appear to be a Body of a very neat and curious a- 
ſped, till more cloſely viewed by the Microſcope, and there we may ob- 
ſerve its very Edge to be of all kind of ſhapes, except what it ſhould be. 
For examining that of a very ſharp one, I could not find that any part of 
it had any thing of ſharpneſs in it ; but it appear'd a rough ſurtace of a 
very confiderable bredth from {ide to fide, the narrowelt part not ſeem- 
ing thinner then the back of a pretty thick Knife. Nor is't likely that it 
ſhould appear any otherwiſe, ſince as we juſt now ſhew'd that -a porrrt ap- 
pear'd a circle, tis rational a live ſhould be a parallelogram. 

Now for the drawing this ſecond Figure(which repreſents a part of the 
Edge about halfa quarter of an inch long of a Razor well ſet) I fo plac'd it 
between the Ob ject laſs & the light.that there appear'd a reflection from 
the very Edge.repreented by the white line abc def. In which you may 
perceive it to be ſomewhat ſharper then elſewhere about d, to be indent- 
cd or pitted about b, to be broader and thicker about c, and unequal 
and rugged about e, and pretty even between a b and ef. Nor was that 
part of the Edge g hz k& fo ſmooth as one would imagine ſo ſmooth bo- 
dies asa Hone and Oyl thould leave it ; for beſides thoſe multitudes of 
ſcratches, which appear to have raz'd the ſurface g h 7 k, and to crols 
each other every way which are not half of them expreſt in the Figure, 
there were ſeveral great and deep ſcratches, or furrows, ſuch as g þ and 
z k, which made the furfacc yet more rugged, caus'd perhaps by ſome 
ſmall Duſt caſually falling on the Hone, or ſome harder or more flinty 
part of the Hone it ſelf. T he other part of the Razor //, which is poliſhd 
on a grinding-ſtone, appear'd much rougher then the other, looking al- 
moſt like a plow'd field, with many parallels, ridges, and furrows, and a 
cloddy, as twere, or an uneven ſurface : nor ſhall we wonder at thc 
roughneſics of thoſe ſurfaces, ſince even in the moſt curious wrought 
Glailes for Microſcopes, and other Optical uſes, I have, when the Sun has 
thone well on them, diſcover'd their ſurface to be varioutly raz'd or 
icratched, and to conlift of an infinite of ſmall broken ſurfaces, which re- 
He the light of very various and differing colours. And indeed. it ſeems 
impoſhible by Art tocut the ſurface of any hard and brittle body tmcoth, 
lince Patte, or even the moſt curious Powder that can be made uſe of, to 
poliſh ſuch a body, muſt confiſt of little hard rough particles, and each of 
them mult cut its way, and conſequently leave ſome kind of gutter or 

furrows 
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Xs furrow behind it. And though Nature does ſeem to do it very readily in 


all kinds of fluid bodies, yet perhaps future obſervators may diſcover 

"even thcſe alſo rugged ; it being very probable, asI elſewhere ſhew, that 
-— fluid bodiesare made up of ſmall folid particles variouſly and ſtrongly 
 mov'd, and may find reaſon to think there is ſcarce a ſurface iz reruv 14+ 
turs perfeftly imooth. The black ſpot »» #2, I gheſs to be ſome ſmall 
ſpeck of ruſt, for that I have oft obſerv'd to be the manner of the working 
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it 
had been really ſuch as it appear'd through the 447croſcope, would ſcarce- 
ly have ſerv'd to cleave wood, much leſs to have cut off the hair of beards, 
unleſs it were after the manner that Lxciaz merrily relates Charox to have 
made uſe of,when with a Carpenters Axe he chop'd oft the beard ofa ſage 
Philoſopher, whole gravity he very cautiouſly fear'd would indanger = 
overſetting of his Wherry. 


Obſerv. I1I, Of fine Lawn, or Linnen Cloth, 


"*- His 1s another product of Art, A piece of the fineſt Lawh I was able 
to get, {0 curious that the threads were ſcarce diſcernable by the na- 
kedeye,and yet through an ordinary Aicroſcope you may perceive what 
a goodly piece of coarſe Matting it is 3 what proportionable cords each of 
its threads are, being not unlike, both in ſhape and fize, the bigger and 
coarſer kind of ſingle Rope-yarn,wherewith they uſually make Cables. That 
which makes the Lawn 1o tranſparent, is by the Microſcope, nay by the 
naked eye, if attentiyely viewed, plainly enough evidenced to be the 
multitude of ſquare holes which are left between the threads, appearing 
to have much more hole in reſpect of the intercurrent parts then is for the 
molt part left in a /attice-wizdow, which it does a little reſemble, onely 
the crofling parts are round and not flat. | 
Theſe threads that compoſe this fine contexture, though 'they are as 
ſmall asthoſe that conſtitute the finer ſorts of Silks, have notwithſtanding 
nothing of their glotlie, pleafant,and lively reflection. Nay, I have been 
informed both by the Inventor himſelf, and ſeveral other eye-witneſles, 
that though the flax,out of which it is made,has been (by a ſingular art, of 
that excellent Perſon, and Noble Vertuoſo, M. Charls Howard, brother to 
the Dxke of Norfolk)ſo curiouſly dreſs'd and prepar'd,as to appear both to 
the eye and the touch, full as fe and as gloſſze, and to receive all kinds 
of colours,as well as Sleave-Silk ; yet when this Silken Flax is twiſted into 
threads, it quite loſeth its former luſter, and becomes as plain and baſe 
a thread to look on, as one of the ſame bigneſs, made of common Flax. 
The reaſon of which odd Pheromeron ſeems no other then this 3 that 
though the curiouſly dreſt Flax has its parts ſo exceedingly ſmall, .as to 
equallize, if not to be much ſmaller then the clew of the Silk-worm, eſpe- 
cially in thinneſs, yet the differences between the figures of the conſti- 
tuting filaments are ſo great, and their ſubſtances ſo various, that whereas 
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thoſe of the ilk are ſmall,round, hard, tranſparent, and to their bigneſs 
proportionably ſtiff, 1o as each filament preſerves its proper Figure, and 
conſequently its vivid refleFjon intire, though twiſted into a thread, if 
not too hard ; thoſe of Flax are flat, limber, ſofter,and leff tranſparent, and 
mtwiſting into a thread they joyn,and lie fo cloſe together,as to loſe their 
own, and deſtroy each others particular reflections. There ſeems there- 
fore three Particulars very requiſite to make the ſo dreſt Flax appear Silk 
alſo when ſpun into threads. Firſt, that the ſubſtance of it ſhould be 
made more clear and tranſparent, Flax retaining in ita kind of opacating 
brown, or yellow ; and the parts of the whiteſt kind I have yet obſery'd 
with the Aſicroſcope appearing white, like flaw'd Horn or Glafs, rather 
then clear, like clear Horn or Glaſs. Next that, the filaments ſhould each 
of them be roxnded, if that could be done,which yet is not ſo very necef- 
fary, if the firſt be perform'd, and this third, which 1s, that each of the 
ſmall filaments be ſtifred; for though they be ſquare, or flat, provided 
they be tranſparent and ſtiff, much the ſame appearances muſt neceſſarily 
follow. Now. though I have not yet made trial, yet I doubt not, but that 
both theſe proprietics may be alſo induc'd upon the Flax,and perhaps too 
by one and the ſame Expedient, which ſome trials may quickly inform any 

ingenious attempter of, who from the uſe and profit of ſuch an Invention, 
may find ſufficient _— to be prompted to ſuch Inquiries. As for 
the tenacity of the ſubſtance of Flax, out of which the thread is made, ie 
ſeems much inferiour to that of Silk, the one being a vegetable, the 
other an aximal ſubſtance. And whether it proceed from the better con- 
coftion, or the more homogeneous conſtitution of awimal ſubſtances 

above thoſe of vegetables, I do not here determine; yet ſince I ge- 

nerally find, that vegetable ſubſtances do not equalize the texacity of axi- 

xaal, nor theſe the teracity of ſome purified mineral ſubſtances; I am 

very apt to think, that the zexacity of bodies does not proceed from the 

hamons, or booked particles, as the Epicurean, and ſome modern Philoſs- 


- phers have imagind; but from the more exa&t congruity of the contti- 


tuent parts, which are contiguous to cach other, and ſo bulky, as not to 
” ealily ſeparated, or ſhatter'd, by any ſmall pulls or concuſſion of 
cat, 


Obſerv. IV. Of fine waled Silk, or Tafſety. 


His 1s the appearance of a piece of very fine Taffety-riband in the 
ig er mk Glaſs, which you ſee exhibits it like a very con- 
vement ſubſtance to make Bed-matts,or Door-matts of,or to ſerve for Bee- 
hives, Corn-ſcuttles,Chairs. or Corn-tubs,it being not unlike that kind of 
work, wherewith in many parts in Exgland; they make-ſuch Urenfils of 
Straw.a little wreathed,and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or clew of the Silk-worm, 
leem'd about the bigneſs of an ordinary Straw, as appears by the lirtle ir- 
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Rd regular pieces,a b,c d,and ef; The Warp,or the thread that ran crofling the 
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Riband,appear'd like a fingle Rope of an Inch Diameter ; but the Woof, 


> or the thread that ran the length of the Riband, appear'd not half {o 
> big. Each Inch of {ix-peny-broad Riband appearing no leſs then a piece 
= of Matting Inch and halt thick, and twelve foot ſquare; a few yards of 
> this, would be enough to floor the long Gallery of the Lore at Paris. 
-” Butto return to our piece of Riband : It affords us a not unpleaſant ob- 


je, appearing like a bundle, or wreath, of very clear and tranſparent 
Cylinders ,if the Silk be white, and curioutly ting'd ; if it be colour'd,cach 
of thoſe {mall horney Cylinders atiording in ſome place or other of them, 
as vivid a reflection, as it it had been fent from a Cylinder of Glaſs or Horn, 
In-ſo-much, that the reilections of Red, appear'd as if coming from ſo 
many Granates, or Kubies, The lovelineſs of the colours of Silks above 
thoſe of hairy Stufis,or Linnen,conlilting asIelſe-where intimate,chiefly in 
the tranſparency. and vivid reflections from the Concave,or inner ſurface 
of the tranſparent Cylinder, as are alſo the colours of Precious Stones; 
for moſt of the retlections from each of theſe Cylinders, come from the 
Concave ſurface of the air, which is as 'twere the toil that incompaſles the 
Cylinder. The colours with which each of theſe Cylrnders are ting d, ſeem 
partly to be ſuperhicial, and ſticking to the out-fides of them; and partly, 
to be imbib'd, or ſunck into the ſubſtance of them : for Silk, ſeeming to 
be little elſe then a dried thread of Glew, may be ſuppos'd to be very 
eaſily relaxt.and ſoftened, by being ſteeped in warm, nay in cold, if pene- 
trant, juyces or liquors. And thereby thoſe tinCtures, though they tinge 
perhaps but a ſmall part of the ſubſtance, yet being fo highly impregnated 
with the colour, as to be almoſt black with it, may leave an 1wmpreſſion 
ſtrong enough to exhibite the defir'd colour. A pretty kinde of artifi- 
cial Stuff I have ſeen, looking almoſt ike tranſparent Parchment, Horn, 
or I{ing-glaſs, and perhaps ſome ſuch thing it may be made of, which be- 
ing tranſparent, and of a glutinous nature, and eaſily mollified by kee 
ing in water, as I found upon trial, had imbib'd, and did remain ting'd 
with a great variety of very vivid colours, and to the naked eye, it look'd 
very like the ſubſtance of the Silk. And I have often thought, that pro- 
bably there might be a way found out, to make an artificial glutinous 
compoſition, much reſembling, if not tull as good, nay better, then that 
Excrement.,or whatever other ſubſtance it be out of which, the Silk-worm 
wire-draws his clew. If fuch a compoſition were found, it were certain- 
ly an eafie matter to find very quick ways of drawing it out into ſmall 
wires for uſe. I need not mention the uſe of ſuch an Invention,nor the be- 
nefit that is likely to accrue to the finder,they being ſufficiently obvious. 
This hint therefore, may, I hope, give ſome Ingenious inquifitive Perſon 
an occaſion of making wi trials, which if ſucceſsful, I haye my aim, and 
I ſuppoſe he will haye no occaſion to be diſpleas'd. | 


Obſery. V. 


MicrROGRAPHIA. 


Obſerv. V. Of watered Silks, or Stuffs. 


Here are but few Artificial things that are worth obſerving with a 
Microſcope ; and theretore I ſhall ſpeak but briefly concerning them, 
For the Productions of art are ſuch rude mi{-fhapen things, that when 
view'd with a Microſcope.there is little elſe obſervable,but their deformity, 
The moſt curious Carvings appearing no better then thoſe rude Kiſzar 
Images we find mention din Purchas, where three notches at the end of a 
Stick, ſtood for a face. And the moſt ſmooth and burniſh'd ſurfaces appear 
moſt rough and unpoliſht : So that my firſt Reaſon why Iſhall add but a 
few obſervations of them, is, their miſ-ſhapen form ; and the next, is their 
uſelefsneſs. For why ſhould we trouble our ſelves in the examination of 
that form or ſhape (which is all we are able to reach with a Xficroſeope) 
which we know was deſign'd for no higher a uſe, then what we were able 
to view with our naked eye? Why ſhould we endeavour to diſcover 
myſteries in that which hasno ſuch thing in it ? And like Kabbirs find out 
Caballiſms, and enigmas inthe Figure, and placing of Letters, where no 
ſuch thing lies hid : whereas in zatxralformsthere are ſome ſo ſmall, and 
ſo curious,and their deſign'd buſineſs ſo far remov'd beyond the reach of 
our ſight.that the more we magnify the obje&, the more excellencics and 
myſteries do appear And the more we diſcover the imperfeftions of our 
ſenſes, and the Omnipotency and Infinite perfeCtions of the great Crea- 
tour. I ſhall therefore onely add one or two Obſervations more of artif;- 
cial things, and then come to the Treaty concerning ſuch matters as are 
the Produtions of a more curious Workman, One of theſe, ſhall be that 
of a piece of water d Silk, repreſented in the ſecond Figure of the third 
Scheme,asit appear'd through the leaſt magnifying Glaſs. A B. ſignifying 
the long way of the Stuff,and C D the broad way. This Stuff, it the right 
fide of 1t be looked upon, appears to the naked eye, all over fo waved, 
undulated, or grain'd, with a curious, though irregular variety of brigh- 
ter and darker parts, that it adds no ſmall gracefulneſs to the Gloſs of it. 
It is ſo known a propriety, that it needs but little explication, but it is ob- 
ſervable, which perhaps every one has not conſidered, that thoſe parts 
which appear the darker part ofthe wave, in one poſition to the light, in 
another appears the lighter,and the contrary;and by this means the undu- 
lations become tranſient, and in a continual change,according as the po- 
ſition of the parts in reſpect of the incident beams of light is varied. The 
reaſon of which odd phenomena, to one that has but diligently examin'd 
it even with his naked eye, will be obvious enough. But he that obſerves 
It with a Microſcope, may more eaſily perceive what this Protens is. and 
how it comes to change its ſhape. He may very eaſily perceive. that it 
very wa onely from the variety of the Refle@ons of light, which is caus'd 
y the various ſue of the Particles, or little protuberant parts cf the 
thread that compole the ſurface ; and that thoſe parts of the waves that 
appear 
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appear the brighter.throw towards the eye a nwltitude of ſmall reflecti- 
ons of light; whereas the darker ſcarce aftord any. The reaſon of which 
reflection, the 4Licroſcope plainly diſcovers, as appears by the Figure; In 
which you may perceive, that the brighter parts of the ſurface confiſt of 
ari abundance of large and ſtrong retieQions,denoted by 4, 4, a, a, a, 8c; 
for the ſurfaces of thoſe threads that run the long way, are by the Mecha- 
nical proceſs of watering, rreas 4 or angled in another kind of poſture 
then they were by the weaving : for by the weaving they are onely bert 
yornd the warping threads ; but by the watering, they are bet with av 
axgle, or elbow, that 1s in ftead of lying, or being bentround the threads, 

as in the third Figure, 4, 4, a, 4, a, are about b,b,þ (b,b,b repreſenting the 

ends,as 'twere, of the croſs threads,they are bent about) they are creas'd 

on the top of thoſe threads, with an azgle, as in the fourth Figure; and 

that with all imaginable variety; fo that,whereas before they refleted 

the light onely from one point of the round ſurface, as about c, cc, they 

now when water'd. reflect the beams from more then half the whole fur 

face,as de, de, de, and in other poſtures they return no refieCtions at all 

from thoſe ſurfaces. Hence in one. poſture they compoſe the brighter 

parts of the waves,in another the darker. And theſe reflections are alfo 

varied, according as the particular parts are varioutlly bent. The reaſon 

of which creafing we ſhall next examine; and here we muſt fetch our in- 

formation from the Mechaniſm or manner of proceeding in this operation ; 

which, as I have been inform'd, is no other then this. 

They double all the Stuft that is to be water'd, that is,they creaſe it juſt 
through the middle of it, the whole length of the piece, leaving the right 
{ide of the Stuff inward, and placing the two edges, or filvages juſt upon 
one another,and,as near asthey can.place the wale fo in the doubling oft, 
that the wale of the one {ide may lie very near parallel, or even with the 
wale of the other ; for the nearer that poſture they lie, the greater will 
the watering appear 3 and the more obliquely,or acroſs to each other they 
he, the ſmaller are the waves. Their way for folding it for a great wale 
is thus : they take a Pin,and begin at one fide of the piece in any wale,and 
ſo moving it towards the other {tde, thereby direct their hands to the op- 
poſite ends of the wale, and then, as near as they can, place the two op- 
polite ends of the ſame wale together, and fo double, or fold the whole 
piece, repeating this enquiry with a Pin at every yard or two's diſtance 
through the whole length ; then they ſprinkle it with water,and fold it the 
longways, placing between every told a piece of Paſtboard, by which 
means all the wrong fide of the water'd Stuff becomes flat, and with little 
wales, and the wales on the other ſide become the more protuberant 3 
whence the creafingsor angular bendings of the wales become the more 
perſpicuous. Having tolded it in this manner,they place it with an 1nter- 
Jacent Paſtboard into an hot Preſs, where it is kept very violently preſt, 
till it be dry and ſtiff; by which means, the wales of either contiguous 
ſides leave their own impreſſions upon each other, as is very mant- 
feſt by the ſecond Figure, where 'tis obvious enough, that the wale of the 
piece 4 BC D.runs parallel between the pricked lines ef, ef, ef, and as 

D manifeſt 


Schem, 4. 


MicRoOGRAPHIA. 


manifeſt to diſcern the impreſſions upen theſe wales, left by thoſe that 
were preſt upon them, which lying not exactly parallel with them, but a lit- 
tle athwart them, as is denoted by the lines of,o 00 0,gh. gh,vh, between 
which the other wales did lie parallel;they are ſo variouſly,and irregular- 
ly creas'd that being put into that ſhape when wet,and kept fo till they be 

rie, they ſo ſet each others threads, that the Moldings remain almoſt as 
long as the Stuff Jaſts. 

* Hence it may appear to any one that attentively confiders-the Figure, 
why the parts of the wale 4, 4, 4,4, 4, a, ſhould appear bright ; and why 
the party, b, b,6,b,b, ſhould appear ſhadowed, or dark; why ſome, as 
d.d.d.d.d,d, ſhould appear partly light,and partly dark : the varicties of 
which refleftions and ſhadows are the only cauſe of the appearance of wa- 
tering in Silks, or any other kind of Stuffs. 

From the variety of refletion, may alſo be deduc'd the cauſe why a 
ſmall breez or gale of wind ruffling the ſurface of a ſmooth water, makes 
it appear black; as alſo,on the other (fide, why the ſmoothing or burniſh- 
Ing the ſurface of whitened Silver makes it look black ; and multitudes of 
other phznomena might hereby be ſolv'd, which are too many to be here 


inſiſted on. 
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Obſerv. VI. Of ſmall Glaſs Canes. 


Hat I might be ſatisfi'd, whether it were not poſſible to make an 
[ Artificial pore as ſmall as any Natural I had yet found, I made ſe- 
veral attemps with ſmall g/aſs pipes, melted in the flame of a Lamp, and 
then very ſuddenly drawn out into a great length. And, by that means, 
without much difficulty. I was able to draw ſome almoſt as ſmall as a 
Cobweb, which yet, with the Aficroſcope, I could plainly perceive to be 
perforated, both by looking on the ezds of it, and by looking on it againſt 
the light ; which was much the eaſter way to determine whether it were 
ſolid or perforated; for, taking a ſmall pipe of glaſs, and cloſing one 
end of it, then filling it half fall of water, and holding it againſt the light, 
I cculd, by this means, very eaſily find what was the differing aſpe& of a 
folid and a perforated piece of glaſs ; and fo eafily diſtinguiſh, without 
ſeeing either end, whether any Cylinder of glaſs I look d on, were a ſolid 
flick, or a hollow cane. And by this means,l could alſo preſently judge of 
any ſmall filament of glaſs, whether it were hol/ow or ot, which would 
have been exceeding tedious to examine by looking on the end. And 
many ſuch like ways I was fain to make ule of, in the examining of di- 
vers other particulars related in this Book, which would have been no 
eaſie task to have determined meerly by the more common way of look- 
ing on, or viewing the Object. For, it we conſider firſt, the very faint 
light wherewith the object is enlightened, whence many particles ap- 
pear opacous, which when more enlightned, appear very tranſparent, 10 
that I was fain to determine its tranſparency by one glaſs, and its fextare 


by another Next, the #»manageableneſs of molt Objefs, by reaſon 
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MrcrocRaPHIA, IT 
of their ſralneſs, 3. The difficulty of finding the deſired point, and of 
placing it lo, as to refleft the light conveniently for the Inquiry, Laſtly, 
ones being able to view it but with oze eye at once, they will appear ho 
ſmall obſtru@jons, nor are they ealily rewoy'd without many contrivay- 
ces, But to proceed, I could not find that water, or ſome deeply ting'd 
liquors would in ſmall ones rife ſo high as one would expect; and the 
higheſt 1 have found it yet riſe in any of the pipes I have try'd, was to 
21 inches above the level of the water in the veſſel: for though I found 
that in the ſmall pipes it would 2i--bly enter at firſt, and run about 6 or 
7 inches upwards; yet. found it then to move upwards ſo flow, that I 
have not yet had the patience to obſerve it above that height of 21 i#- 
ches (and that was in a pretty /arge Pipe, in compariſon of thoſe I for- 
merly mentioned; for I could oblerve the progreſs of a very deep ting d 
liquor in it with my zaked eze, without much trouble z whereas many of 
the other pipes were ſo very ſmal/, that unleſs in a convenient poſture to the 
light, I could not perceive them: :) But 'tis very probable, that a greater 
patience and aſſiduity may diſcover the liquors to riſe, at leaſt to remain 
ſuſpended, at heights that I ſhould be loath now even to gheſs at, if at 
leaſt 'there be any proportion kept between the height of the aſcending 
liquor, and the bigneſs of the holes of the pipes. 


An Attempt for the Explication of this Experiment. 


My Conjecture, That the unequal height of the ſurfaces of the water, 
proceeded from the greater preſſure made upon the water by the Air 
without the Pipes AB C, then by that within them; I ſhall endeavour to 
confirm from the truth of the two following Propoſttions : 

| The firſt of which is, That an unequalpreſſure of the incumbent Air, 
will cauſe an unequal height in the water's Surfaces. 

And the ſecond is, That in this experiment there is ſuch an unequal 
preſſure. 

That the firſt is true, the following Experizzent will evince. For if 
you take any Velſlel ſo contrived, as that you can at pleaſure either i- 
creaſe or diminiſh the preſſure of the Air upon this or that part of the &#- 
perficies of the water, the equality of the height of thoſe parts will pre- 
ſently be /oſt; and that part of the S»perficzes that ſuſtains the greater preſ- 
fare, will be inferior to that which undergoes the /eſs. A fit Veſſel for 
this purpoſe, will be an inverted Glaſs Syphozr, ſuch an one as is deſcri- 
bed in the $7xth Figure. Forif into it you put Water enough to fill it as 
high as AB, and gently blow in at D, you ſhall depreſs the Superficies B, 
and thercby raiſe the oppoſite Superficies 4 to a conſtderable height, and 
by gently ſucking you may produce clean contrary etiects. 

Next, - That there is ſuch an equal preſſure, I ſhall prove from this, 
That there is a much greater incongruity of Air to Glaſs ,and ſome other Bodies, 


then there is of Water to the ſame. | 
D 2 By 
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Conpruity, I mean a property of a fiuid Body, whereby any part of it 
FI bs nodes with any other ml either of it ſelf, or of any other Simei- 
ber: laid, or ſolid body : And by Incongruity a property of a fluid, by which 
it is bindred fromuniting with any diſſmmilar, fluid,or ſolid-Body. 

This laſt property, any one that hath been obſervingly converſant 
about fluid Foodies cannot be ignorant of. For (not now to mention 
ſeveral Chymical Spirits and Oyls, which will very hardly, if at al, be 
brought to zrix with one another z infomuch that there may be found 
ſome 8 or 9, or more, ſeveral diſtin& Liquors, which ſwineming one up- 
on another, will not preſently wix) weneed ſeek no turther tor Exam- 
ples of this kind in fluids, then to obſerve the drops of rain falling through 
the air, and the bubbles of air which are by any means conveyed under 
the farface of the water 3 or a dropof common Sallet Oyl ſwimming upon 


water. In all which, and many more examples of this kind that might 


be enumerated, the i#corgruity of two flnids is ealily diſcernable. And 
as for the Congruity or Incongruity of Liquids, with ſeveral kinds of firm: 
Bodies, they have long ſince been taken notice of, and called by the 
Namesof Drineſs and Moiftare (nou theſe two names are not compre- 
henſfive enough, being commonly uſed to ignite only the adhering or 
not adhering of water to ſome other ſolid Bodzes)of this kind we may ob- 
ſerve that water will more readily wet ſoc woods then others ; and that 
water, let fall upon a Feather, the whiter fide of a Colwort, and ſome 
other leaves, or upon almoſt any duſty, xn@uons, or reſinous ſuperficies, 
will not at all adhere to them, but eaſily tumble off from them, like a ſolid 
Bowl; whereas, if dropt upon Liaxen, Paper, Clay, green Wood, &c. it will 
not be taken off, without leaving ſome part of it behind adherizg to them. 
So Quickſilver, which will very hardly be brought to ſtick. to any wegeta- 
ble body, will readily adhere to, and mingle with, feveral clean wetallne 
bedier. 
And that we may the better finde what the cave of Congruity and 
Ky in bodies 1s, 1t will be requilite to conſider, Firſt, what is the 
cauſe of fluidneſs ; And this, I conceive, to be nothing elſe but a certain 
$#{ or ſhake of heat ; for Heat being nothing elſe but a very brickand ve- 
bement agitation of the parts of a body (as I have ellwhere made proba- 
bable) the parts of a body are thereby made 1o /oofe from one another, 
that they eaſtly ove ary way, and become fluid, That I may explain 
ths a little by a gros Similitude, let us fuppoſe a diſh of fand ſet upon 
ome body that is very much agitated, and ſhaken with ſome quick, and 
vibrating motion,as on a Milftone turn'd round upon the under ſtone 
very violently whilſt it is empty;or on a very ſtiff Drnmhead,which is ve- 
hemevtly or very nimbly beaten with the Drumſticks. By this means, 
the ſand inthe diſh, which before lay like a du/and unaQtive body, be- 
comes a perfect fxidz and ye cannoſooner make a hole in it with your 
finger, but itis immediately filed up agaire, and the upper ſurface of it 
lkewell'd. Nor can you bury a light body, asa piece of Cork under it, but 
It preſently emerges or ſwims as 'twere on the top;z nor can youlay 4 
heavier on the top of it, as a piece of Lead, bur it is immediately buried 
IN 
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1 Sand, and (as twere) finks to the bottom. 'Noy can you make a hols Þ 


in the fide of the Diſh, but the ſand ſhall uz cut of ir to a level, not an 
obvious property of a fluid bady, as fuch, but this dos imitate; and all 
this meerly cauſed by the vehement agitation of the conteining veſiel 
for by this means, each ſand becomes to have a vibrative or dancing:mo- 
tion, ſo asno other heavier body can ref on it, unleſs ſaſtein'd by lome 
other on either ſide : Nor will it ſuffer any Body to be bexzeath it, unlefs 
it be a heavier then it ſelf. Another Inſtance of the ſtrange looſening 
nature of a violent jarring Mution, or a ſtrong and nimblevibrative 
one, we may have from a piece of 7roz grated on very ſtrongly with 4 
file : for it into that a pin be ſcrew'd ſo firm and hard, that though it has 
a convenient head tot, yet it canby no- means be aſcrew'd by the fin» 
gers; if, I ſay, you attempt to unſcrew this whilft grated oz by the file, it 
will be found to undoe and turn very of The firſt of theſe Examples 
manifeſts, how a body actually divided into ſmall parts, becomes. #'flurd; 
And the latter manifeſts by what means the agitation of heat ſo eaſily 
looſens and wrties the parts of ſolid and firm bodies. Nor need we ſup- 
poſe heat to be any thing el, beſides ſuch a motion 3. for ſuppofing we 
could Mecharically 2 uce ſuch a one quick and ſirong enough, we need 
not ſpend fxel to melt a body. Now, thatI do not ſpeak this altogether 
groundleſis, I muſt refer the Reader to the Obſervations T have made u 
on the ſhining ſparks of Steel, for there he ſhall find that the ſame effetts 
are produced upon ſmall chips or parcels of Steel by the flame, and by 4 
quick and violent motion; and if the body of fteel may be thus melted 
(as I there ſhew it may) I think we have little reaſon to doubt that al- 
moſt axy other may not 'alfo. Every Smith can inform one how quickl 
both his File and the 1rez grows hot with filing, and if you rub almo 
any two hard bodies together, they will do the fame : And we know, 
that a ſufficient degree of heat caules fluid;ty, in ſome bodies much foon- 
er, and in otherslater z that is, the partsof the body of ſome are fo /aoſe 
from one another, and ſo wnapt to cohere, and fo minute and little, that a 
very ſmall degree of agitation keeps them always.in the ftate of fluidity. 
Ofthis kind, I ſuppoſe, the #rber, that is the wedinz: or fluid body, in 
which all other bodies do as it were ſwim and move; and particularly, 
the Air, which ſeems nothing elſe but a kind of tin&vre or folution of ter- 
reſtrial and aqueous particles difſolv'd into it, and agitated by it, juſt as 
the tin@ure of Cocheneelis nothing but ſome finer diſſo/xble parts of that 
Concrete lick'd up or d;ſſolv'd by the fluid water. And from this Notion 
of it, we may eaſily give a more Intelligible reaſon how the Air becomes 
ſo capable of Rarefattion and Condenſation, For, as in tintares,one grain 
of ſome ſtrongly tirging ſubſtance may ſerſibly colour ſome hundred thou- 
ſand grains of eppropriated Liquors,fo as every drop of it has its proportio- 
nate ſhare, and be ſenſibly ting'd, as I have try'd both with Logmood 
and Cochenee! : And as ſome few grains of Salt is able to infect as 
reat a quantity,as may be found by precipitations, though not fo ealtly 
c the bebe or «fte ;, ſo the Air. which ſeems to be but as twere a tin&are 


or ſaline ſubſtance, diſolv'd and agitated by the finid and agil £ther,may _ 
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and expand it ſelf into a waſt ſpace, if it have room enough, and 
ry CT eoiey part of Horan But,as on the other fide,if there 
be but ſome fewgrairs of the liquor, it may extra@ all the colour of the 
tinging ſubſtance, and: may ifolve all the Salt, and thereby become 
zch more impregnated with thoſe ſubſtances, ſo may all the air that ſuf- 
ficed ina rarif'd ſtate to fill ſome hundred thouſand ſpaces of ther, be 
comprisd in only oxe,but in a poſition proportionable denſe. And though 
we fave not yet found out ſuch ſtrairers for Tinctures and Salts as we 
have forthe Air, being yet unable to ſeparate them from their diſſolving 
liquors by any kind of fltre, without precipitation, as we are able to ſe- 
parate the Air from the 'Ether by Glaſs, and ſeveral other bodies. And 
though we are yet unable and _ of the ways of precipitating Air 
out of the Ather as we can Tinctures, and Salts out of ſeveral diſfolvents; 
yet neither of theſe ſeeming impoſſible fromthe nature of the things, nor 
ſo ;-*probable but that ſome happy future induſtry may find out ways to 
efiecs them; nay, further, ſince we find that Nature does really perform 
(though by what means we are not certain) both theſe actions, namely, 
by precipitating the Air in Rain and Dews, and by ſupplying the Streams 
and Rivers of the World with freſh water, ſfrain'd through ſecret ſub- 
terraneous Caverns: And ſince, thatin very many other proprieties they 
do ſo exadtly ſeem of the ſame nature 5 till further obſervations or 
tryals do inform us of the contrary, we may ſafely enongh conclude them of 
the ſame kind. For it ſeldom happens that any two natures have ſo ma- 
ny properties coincident or the ſame. as I have obſerv'd Solutions and 
Air to have, andto be different in the reſt, And therefore I think it nei- 
ther i-»pcſſible, irrational, nay nor difficult to be able to predi& what is 
likely to happen in other particulars alſo, beſides thoſe which Obſervation 
or Experiment have declared thus or thus; eſpecially, if the circum- 
ances that do often very much conduce to the variation of the effects be 
duly weigh'd and conſider d. And indeed, were there not a probability of 
this, our 72qziries would be endleſs, our tryals vain, and our greateſt ir- 
ventions would be nothing but the meer produds of chance, and not of 
Reaſon ;, and, like Mariners in an Ocean, deſtitute both of a Compaſs and 
the ſight of the Celeſi;al guids, we might indeed, by chance, Steer direly 
towards our defired Port, but 'tis a thouſand to one but we miſe our aim. 
But to proceed, we may hence alſo give a plain reaſon, how the Air comes 
to be darkred by clouds, &c. which are nothing but a kind of precipitati- 
07, and how thoſe precipitations fall down in Showrs. Hence alſo could 
very eaſily, and I think truly, deduce the cauſe of the curious ſ{xaneu- 
lar figures of Snow, and the appearances of Hales, &c. and the fudden 
thickzing of the Sky with Clouds, and the vaniſhing and diſappearing of 
thoſe Clouds again; for all theſe things may be very eaſily 7»vitated in a 
glaſs of liquor,with ſome {light Chymical preparations as I have often try'd, 
and may ſomewhere elſe more largely relate, but have not now time to 
ſet them down. But to proceed, there are other bodies that conſiſt cf 
particles more Groſs, and of a more apt figure for coheſſor, and this re- 
quresa ſomewhat greater agitation ; ſuch, I ſuppoſe y. fermented vinous 
| Spirits 
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Spirits, ſeveral Chymical 0:ls, whichare much of kin to thoſe Spirits, &e. 

Others yet require a greeter, as water, and ſo others much greater; for al- 
moſt infinite degrees; ,Fbr, I ſuppoſe there are.very few bodies in the 
world that may not be made aliquatenys fluid, by.ſerre or other degree of 
agitation Or heat. 1 | TO. £ bi\al bag & 
Having therefore'iin:ſhort ſet down my Notion of a Fluid body, I come 

In the next place to conſider what Congruity is; -and this, as Ifaid before, 

being a Relative property of a fluid, whereby it may be ſaid to be {ke or 

x:like to this or that other body, whereby it does or does not:mix with 
this or that body. We will again have recourſe to our former Expert- 
ment, though but a rude one; and here if we mix in the diſhſeveral kznds 

of ſands, ſome of bigger, others of leſs and finer bulks, we ſhall find that 
by the. agitation the fire ſand will ee? and throw ont of it ſelf all thoſe 
bigger bulks of ſmall ſtozes and the like, and thoſe will be gathered toge- 
ther all into oxe place ; and if there be other bodies in it of other natures, 
thoſe alſo will be ſeparated into a place by themſelves, and »xitedor tum- 

bled up together. And though this do not come up to the higheſt proper 
ty of Corgruity, which is a Coheſior: of the parts of the fluid together, or 

a kind of attra&@ion and tenacity, yet this does as twere ſhadow it our, 

and ſomewhat reſemble itz for juſt after the ſame manner, I ſuppoſe 

the px/ſe of heat to agitate the ſmall parcels of matter, and thoſe that are 
of a like bigneſs, and figure, and matter, will hold, or dance together, and 

thoſe which are of a differing kind will be thruſt or ſbov'd out frombe- 

tween them; for port2ous that are all ſimilar, will, like ſo many equal 

armſical ſtrings equally ſtretcht, vibrate together in a kind of Harmony or 
xniſon; whereas others that are diſſmmilar, upon what account ſoever,un- 

leſs the diſproportion be otherwiſe counter-ballane'd, will, like ſo many 

ſtrings out of tune to thoſe uniſons, though they have the fame agitating 
pulſe, yet make quite differing kinds of vibrations and repercuſſrons, to that 
though they may be both moy'd,yet are their 2ibrations fo different, and 

ſo xntur d, as twere to each other, that they croſs and jar againſt each 

other, and conſequently, cazot agree together, but fly back from each 

other to their ſimilar particles. Now, to give you an inſtance how the 

diſproportion of (ome bodies in one reſpect, may be connter-ballanc'd by 

a contrary diſproportion of the ſame body in another reſpe&t, whence we 

find that the ſubtil vizoxs ſpirit is congruons, or does readily 97x with wa- 

ter, which in many 2 ae is of a very differing nature, we may cons 

ſider that a _ may be made either by two ſtrings of the ſame bigneſs, 

length, and tenſion, or by two ſtrings of the ſame bigneſs, but of differing 

length, and a contrary differing tenſion ;, or 3h. by two _ of »nequal 

length and bigneſs, and of a differing tenſion, or of equal length, .and diffe- 

ring bigneſs and tenſion, and teveral other ſuch varieties. To which three 

properties in ſtrings, will correſpond three proprieties alſo in ſand, or the 
particles of bodies, their Matter or Subſtance, their Figxre or Shape, and 
their Body or Bulk, And from the varieties of theſe three, may ariſe i:- 

finite varieties in fluid bodies, though all agitated by the ſame pulſe or vi- 
brative motion. And there may be as many ways of making Harmonies 

and 
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and Diſcords with theſe, - as there may be with muſical ſtrings. Having 
therefore'feen what is the cauſe of Congruity or Tacongruity,'thoſe rela- 
tive properties of fluids, we may, from what has been faid, very cafily 
colle&t, what is the 7eaſo of thoſe Relative proprieties alſo between fiy- 
zd bodies and ſolid ; for ſince all bodies conſiſt of particles of ſach a Sub- 
ance, Figure, and Bulk; but in ſome they ate wnited together more fir»: 
hy then to be lgſered fromeach other by every ##brative motion (though 
I imagine that there is no body in the world, but that ſome degree of a- 
vitation\may, asThinted before, agitate and looſen the particles lo as to 
make them:tluid) thoſe cohering particles may vibrate in the fame man- 
ner almoſt as thoſe that are /ooſe and become wniſors or diſtords, as I 
may fo ſpeak, to them. - Now that the parts of all bodies, though never 
ſo ſolid, do yet vibrate, T think we need go no fnrther for prodf, then 
that al/bodies have ſome degrees of heat in them, and that there has not 
been yet found any thing perfe&y cold: Nor canT believe indeed that there 
is any ſuch thing in Nature, as a body whoſe particles are at ref, or lezy 
and araTive in the great Theatre of the World, it being quite cortrary to 
the grand Oeconomy of the Univerſe. We ſee therefore what isthe rea- 
fon of the ſympathy or uniting of ſome bodies together, and of the at;- 
pathy or flight of others from each other : For Congrnity ſeems nothing 
elſe but a Sympathy, and Incongruity an Antipathy of bodies; hence ſimr:- 
lr bodies once united will not eaftly part, and diſſrmilar bodies once dif- 
jogn'd will not eaftly unite again; from hence may be very eafily deducd 
the reaſon of the ſaſpenſion of water and Qnickflver above their uſual ſta- 
tiox, asf ſhall more at large anon ſhew. 
- Thefe properties therefore (alwayes the concomitants of fluid bodies) ' 
produce theſe following viſible Efed-s : 
Firſt, 'They #zte the parts of a fluid to its ſriler Solid, or keep them 
feparate from its diſſrmilar. Hence Qnick:filver will (as we nine frag 
fck to Gold, Silver, Tir, Lead,&c. and unite with them : but rovl off from 
Hood, Stone, Glaſs, &c; if never lo little ſcituated ont of its horizontal le- 
vel; and water that will wet ſalt and diſfolve it, will ſip off from Tallow, 
or the like, without at all adhering; as it may likewiſe be obſerved to 
do upon a dvfiy fuperficies. And next they cauſe the parts of homogerre- 
ol fiaid bodies readily to adhere together and mix, and of heterogeneal,to 
be exceeding averſe thereunto. Hence we find, that two ſmall drops of 
zpater, on any ſuperficies they can roul'on, will, if they chance totouch 
cach other, readily unite and mix into-one 3% drop: Fhe like may be ob- 
ſerved with two {mall Bowls of Srick-filver upon a Table or Glaſs, pro- 
vided their ſurfaces be not duſty; and with two drops of 0y/ upon fair 
water, ©. . And further, water put unto wine, ſalt water, vinegar, ſpirit 
of wine, or: the like, does immediately (eſpecially if they be ſhaken to- 
gether) difperſe it ſelf all over them. Hence, on the contrary, we alſo 
find, that Ol of Tartar poured upon Qnick:ſitver, and Spirit of Wine on 
that Ozl, and Oy! of Thrpentine on that- Spirit, and Air upon that 0yl,though 
they be ſtopt cloſely up into a Bottle, and ſhaker never ſo much, they 
will by no-meanslong ſuffer any of theirbigger partsto be nnited or - 
clude 
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; cluded withinany of the other Liqtiors(by which recited Liqhots,t4y be 
” plainly ettoliph tepreſented the four Perripaterical Elements, and thethore 
fubtil #ther above all.) Froth this propetty'tis, that 2 drop of titer does 
not mingle with, or vaniſh into Air, but is driver (by that Fluid equally 
protruding it on every fide) and forct ito as HRittle aſpace as it edn 
fibly be contained in, namely, intO 2 Rownd Globuſe, So Hikewife a Hits 
> tle Air blownunder the water, is anifed of thruſt into a PabPeby the 

ambient water. Anda parcel of @#ic&ſitver encloſed with 4#*, Water, 

or almoſt any other Liquor, is formed itito a ronnd Bull, as 

Now the cauſe why all theſe included Fluids, newly mentionet!; or as 
many others as are wholly included within a heteropeticous fitird, are 
not exatHy of a Spherical Fignre (ſeeing that if cauſed by theſe Prirrciptes 
only, it could be of no other) muſt proceed fron ſome other kind of 
preſſure againſt the two oppoſite flatted ſides. This advertitions or acct 
clental preſſure may __ from divers cauſes, and accordingly muft d#- 
verſifie the Figure of the included heterogeneous fluid : For ſeeitts that a 
body may be included either with a fluid only, or only with a folfd, of 
partly with a fluid, and partly with a ſolid, or partly with one fluid, and 
partly with another z there will be found a very great yartety of the ter- 
minating ſurfaces, mach differing from a Spherical, according to the yati- 
ous reſiſtance or prefſure that belongs to each of theſe encompaiſfing bo« 
dies. 

Which Properties may in genetal be deducedfrom two heads, viz. 
Motion, and Rei, For, etther this Globular Figure 1s altered by a natu- 
ral Motion, ſuch as is Gravity ; or a violent, ſach as fsany accidental motion 
of the fluids, as we ſee inthe wind ruffling.upthe water,and che parlings 
of Streams, and foaming of Catarradts, and the hke. Or thirdly, By the 
Reſt, Firmneſs and Stability of the ambient 80{1d, For th the includim 
Solid be of an angular or any other irregular Form, the included flaid wil 
be near of the /ike,as a Pim-Pot full of water,or a Bladder full of Air. And 
next, if the including or included flaid have a greater gravity one than 
another,then will the g/obnlar Form be depreſt into an Eliptico-ſpherical : 
Asif, for example, we ſuppoſe the Circle 4 B C D, in the fourth Fienre, 
to repreſent a s ook of water, Quick-ſilver, or the like, included with the 
Air or the like , which ſuppoting there were no gravity at all in cither of 
the flnids, or that the contained and containing were of the fame weight, 
would be equally compreit imo anexaftly ſpherical body ( the ambient 
fluid forcing equally againſt every fide of tt. ) But fuppoftag either a 
preater gravity in the included, by reaſon whereof the parts of it —_ 
preſt from 4 towardsZ, and thereby the whole pat into v9r7927, an 
that motion being hindred by the reſiſtance of the fſabjacent parts of the 
ambient, the g/obxlay Figure 4 D B C will be depreft into the Elliptico- 
ſpherical, E G F H. For the fide 4 isdetrudedtoE by the Gravity, and 
B to F by the reſiſtance of the fubjacent medium : and therefore C muft 
necefiarily be thruſt to G; and D to #. Orelfe, ſappofing a greater grav#- 
ty inthe ambient, by whoſe more then ordinary preſſure againft the under 


the 


fide of the included globule ; wilt be forced to F, and by its refftance of 
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otion #pwards; the ſide 4 will be depreſt to E, and therefore C bein 

=> to 2g cr D to H; the globular Figure by this meansalſo will be 
made an. Elljptico-ſpherical. Next if a fluid be included parth with one, 
and partly with another fluid, it will be found tobe ſhaped diverſy, ac- 
cording to the proportion of the gravity and incongraity of the 3 fluids 
one to another : As in the ſecond Figare, let the upper 4 MAM be Air,the 
middle L 34 N 0 becommon yl, the lower O O 0 be Water, the Oy! 
will be form'd, not into a ſpherical Figure , ſuch as isrepreſented by the 
pricked Line, but into ſucha Figure as LM N O, whoſe ſide LMN 
will be of a flatter El[jptical Figure, by reaſon of the great diſproportion 
between the Gravity of Ol and Air, and theſide L O M of arounderx, 
becauſe of the ſmaller difference between the weight of Oy! and Water, 
Laſtly, The globular F _ will be changed.if the ambient be partly fluid 
and partly ſolid. And here the termination of the incompaſied fluid to- 
—_ the incompaſling is ſhap'd according to the proportion of the con- 
ruity or incongruity of the fluids to the ſolids, and of the gravity and 
incongruity of the fluids one to another. Asſuppole the ſubjacent zve- 
dium that hinders an included fluids deſcent, be jobs , asletK I, inthe 
fourth Figure, repreſent the ſmooth ſuperticies of a Table; E G F H, a 
parcel of running Mercury; the fide G F H will bemore flatted, ac- 
cording tothe proportion of the incongruity of the Mercury and Air to 
the Food.and of the gravity of Mercury and Air one to another ; The ſide 
G E H will likewiſe be a little more depreſt by reafon the ſubjacent 
parts are now at reſt, which were before in motion. 

Or further in the third Fignre, let A 1 L D repreſent an including ſo- 
lid medium of a cylindrical ſhape (as ſuppoſe a ſmall Glaſs Far ) Let 
F GE MM repreſent a contain d fixid, as water z this towards the bot- 
tom and fides, is figured according to the concavity of the Glaſs - But its 
upper $xrface, ( which by reaſon of its gravity, ( not conſidering at all 
the Air above it, and ſo neither the congruity or incongruity of either of 
them tothe Glaſs ) ſhould be terminated by part of a Sphere whoſe dia- 
meter ſhould be the ſame with that of the earth, which to our ſenſe would 
appear a ſtraight Lize, asF G E, Or which by reaſon of its having a 
greater congruity to Glaſs than Air has, ( not conſidering its Gravity ) 
would be thruſt into a cocave Sphere, as C H B, whoſe diameter would 
be the ſame with that of the concavity of the Veſſel : _) Its upper Surface, 
I lay, by reaſon of its having a greater gravity then the Air, and having 
likewiſe a greater congruity to Glaſs then the Air has, is terminated, by a 
concave Elliptico-ſpherical Figure, as C K B. For by its congruity it eaſily 
conforms it ſelf, and adheres to the Glaſs, and conſtitutes as it were one 
containing body with it, and therefore ſhould thruſt the contained Air on 
that ſide it touches it,into a ſpherical Figure, asB H C, but the motion of 
Gravity depreſſing a little the Corners B and C, reduces it into the afore- 
faid Figure C K B. . Now that itis the greater congruity of one of the 
two contignons fluids,then of the other,to the containing ſol:d,that cauſes 
the Foping furkuces to be thus or thus figured : And that it is not be- 
cauſe this or that figuratcd ſurface is more proper, natural, or peculiar to 

one 
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one of theſe fluid bodies;then to the,other,will appear from thisz'thatrhe 


ſame fuids will by. being put ivtodifiering ſolids ; change their @anfices 
Far the ſame water, ::which ina Glaſs SR eſffek will alan cons 
cave ſurface yupwards,and will iſt higher ina ſmatle>then-agreater Pip 
the ſame water, I fay, inthe ſame Pipesgreaſed:pver or oylett; wilt pros 
duce quite contrary efiects; for it will have a protab&r art and rewey furs 
face upwards, and will not riſe fo high ms fn12alL as in! bigger ——— 
in the vexy ſame folid Veſſel, yow may 'rhake the yery-ldine t\vd comigns 
ous Liquideto alter their Surfaces 3. for raking a fmalt'Wihe-glafyor ſack 
like Veſlel, and pouring water gently into it, youſhall perceive the ſar- 
face of the water all the way concave, till itriſe even with the top, when 
you ſhall find it (if you gently and carefully pour in more ) to grow 
very protuberant and .coxvex ; the reaſon of -which is plain, for that the 
ſolid ſides of the containing body are no longer extended , to which the 
water does more readily adhere then the air; but it is henceforth tobe 
included with air, which would rednceit into a hezz7ſphere, but by reaſon 
of its gravity, it isflatted intoan Oval, @nicksiFoer allo which toGlaſs 
is more incongruous then Air ( and thereby being put intoa Glaſs-pipe, 
will not adbete to tt, but by the more comgruons arr will be-forcedits have 
a very protrherant furface., and to rife higher in a. greater then x Jeffe# 
Pipe this @#:e4-2lver to clean! Metal, efpecially to Gold Splver;Tin Lead, 
&c. Tron excepted,is more congrroxs then 4ir ,, andiwill nor only ſel to 
it, but have a: aazcave Surface like water, and riſe higher in aleſs, thin 4 
In all theſe Examples: it 1s evident , that there Ban extraordimiiry and 
adventitions force, by which the g/abular Figure of the contained: hefzro- 
gereons fluid is altered; neither camar be imagined; how it ſhould others 
wile be of any other Figure'then Globrlar : Forbeing'by the heterggerre- 
ous fluid equally protruded every way,whatſoever part is protuberaut, will 
be thereby . depreſt. From this cauſe it is, that in its effeCts it doesvery 
much reſemble:a roxnd Spring (uch as a:Hoop..) Foras nia rowund' Spring 
there is required an additional preſare againſt two oppoſite 1ides, 'to rev 
duceit into an Oval Form , or to-force it in betweertthe fidesof a' Hole, 
whoſe Diameter is leſs then that of the Spring, there niuſt be confideras 
ble force or pratraſrar againlt the concave or inner lide'of the'Sprivg's' So 
toalter this ſpherical conſtituticn of an included fluid -body ;: thete/1sire- 
quired more pretiure againſt oppoſite fidesto reduce it-into aw 0v4ul hd! 
to preſs it intoan Hole lefs in Dzameter then it felf, it requiresa greater pro- 
&ruſian againſt all the other ſides. What degrees of force are requiſite 
to reducethem into longer and longer Owalr, or to preſs thetwy tnto/leſs 
and leſsboles, I have not yet experimentally calculated 3. butthus'nmeh 
by experiment I find'in general, that there1s alwayes require a greater 
reſlure to.cloſe them into longer Oval, or protude them'into ſmaller 
Joker The neceſſity and reaſon of this, were it requifite,I couldeaſilyex- 
plain: butbeing; not ſo neceſlary,,. and: requiring more roon! atid time 
then have for it at preſent, I ſhallhere omit iv 5/ and:;proceed to ſhew; 
that this may be preſently found-true:,. if Experiment-be made with a 
E 2 
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»d Spring ( the way of making which trials is obvious enough: ) And 
wick ths fuid Cie of ArengiNs &c, the way of trying which, will 
be ſomewhat more difficult ; and therefore [ſhall-in brief deſcribe it. He 
therefore that would try with 4ir, muſt firſt be provided of a Glaſi-pipe, 
made of the ſhape of that in the fifth Fignre , whereof the fide A B, re- 
preſents a ſtraight Tube of about three foot long, C, repreſents another 
rt of it, which confiſts of a round Bubble ; (o ordered.that there's left a 


me eor bole at the top, into which may be faſtened with cement ſeveral 
ſmall Pipes of determinate cylindrical cavities : as ict the hoow of 

F. iy} 4 1 

G. [3 

H. [ | #; | : 

l. be 4, > of an inch. 

K. z 

L. | f _ | 

M. } L 

ws | 


There may be added as many more , as the Experimenter ſhall think fit, 
with holes continually decreaſing by known quantities, ſo far as his ſenſes 
are able to help him ; I fay, ſo far, becauſe there may be made Pipes fo 
ſmall that it will be impoſſible to perceive the perforation with ones na- 
ked eye,though by the help of a Xf&croſcope, it may eaſily enough be per- 
ceived: Nay, I have made a Pipe perforated from cnd to end, fo ſmall, 
that with my naked eye I could very hardly ſee the body of it, infomuch 
that I have been ableto knit itup into a knot without breaking : And 
more accurately examining one with my Microſcope, I found it not ſo big 
as a ſixteenth part of one of the ſmaller hairs of my head which was of 
the ſmaller and finer fort of hair, fo that ſ1xteen of theſe Pipes bound fag- 
got-wile together, would but have equalized one ingle hair; how ſmall 
therefore mult its perforatioz be? It appearing to me through the Aicro- 
ſcope to be a proportionably thick-ſeded Pipe. 

Toproceed then, for the trial of the Experiment, the Experimenter 
muſt place the T#be A B, perpendicular, and fill the Pipe F ( cemented in- 
to the hole E }) with water, but leave the bxbble C full of Air, and then 
gently pouring in water into the Pipe A B, he muſt obſerve diligently 
how high the water will riſe in it before it protrude the bubble of Air C, 
through the narrow paſlage of F, and denote exactly the height of the 
Cylinder of water , then cementing in a ſecond Pipe asG, and filling it 
with water 3 he may proceed as withthe former, denoting likewiſe the 
height of the Cylinder of water, able to protrude the bubble C through 
the paffage of G, the like may he do with the next Pipe,and the next,e*c. 
as far ashe isable : then comparing the ſeveral heights of the Cy/i»der-, 
with the ſeveral holes through which each Cylinder did force the air (ha- 
ving due regard tothe Cylizders of water in the ſmall Tubes) it will be 
very caſte to determine, what force is requiſite to preſs the Air in- 
to ſuch and ſuch a hole, or (to apply it to our preſent experiment ) 

how 
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how much of the preſſure of. the 4ir is taken off by its ingreſs into'ſmal- 
Jer and ſmaller holes, From the application of which to the entring of 
the Air into the bigger hole of the Yeſſel, . and into the' ſmaller hole of the 
Pipe, weſball clearly find, that there isa greater preſſure of the ajyupon 
the water inthe Yeſel or greater pipe, then there is upon that in'the leſſer 

pipe: For {ince the preſſure of the air every way' 1s found to be equal, 

that-is, as much asis able to preſs up and ſuſtain a Cylizmder of @uicksilver 

of two foot and a half high, or thereabouts; And ſince of this preſlure 
ſo many more degrees are required to force the Air into a ſmaller then 
into a greater hole that is full of a more congruous fluid, And laſtly, 
ſince thoſe degrees that are requiſite to preſs it in, arethereby taken off 
from the Air within, and the Air within left with ſo many degrees of 
preſſure leſs then the Air without ; it will follow, that the Ait in the leſs 

Tube or pipe , will have leſs preſſure againſt the ſuperficies of the water 

therein, then the 47r in the bigger : which wasthe minor Propoſition to 

be proved. | 

The Concluſion therefore will neceſlatily follow, vis. That this nne- 
qual preſſure of the Air canſed by its ingreſs into unequal holes, is a cauſe ſufft- 
cient to produce this effet , without the help of any other concurrent ; and 
therefcre is probably the principal (if not the only) cauſe of theſe Pheno- 
Mena. | 

This therefore being thus explained , there will be divers Phanggyera 
explicable thereby, as, the riſing of Zzquors in a Filtre, the riſing of Spiri# 
of Wine, Oyl, melted Tallow, ©c. in the Week, of a Lamp, ( though made 
of ſmall Wire, Threeds of Asbeſius, Strings of Glaſs, or the like) the riſing 
of Liquors in a Spunge, piece of Bread,Saxd, &c. perhaps alſo the aſcend- 
ing of the $apin Trees and Plants, through their ſmall, and ſome of them 
imperceptible pores, (of which I have ſaid more, on another occaſion ) ar 
leaſt the paſling of it out of the earth into their roots. And indeed up 
on the conſideration of this Principle , multitudes of other uſes of it oc- 
curr'd tome, which I have not yet ſo well examined and digeſted as to 
propound for Axioms, but only as gwcrics and Conje@ures which may 
ſerve as hints toward ſome further diſcoveries. 

As firſt, Upon the conſideration of the congruity and incorgruity of Box 
dies,as to torch, I found allo the like congruity and incongruity (if Tmay 
ſo ſpeak ) as to the Tranſmitting of the Raies of Light : For as in thisre- 
oard,water (not now to mention other Liquors ) ſeems nearer of affini- 
ty to Glaſs then Air,and Air then Qnicksilver : whence an oblique Ray out 
of Glaſs, will pals into water with very little refra&:0n from the perpendi- 
exlar, but none out of Glaſs into Arr, excepting a dire&, will paſs without 
a very great refraction trom the perpendicular, nay any oblique Ray un- 
der thirty degrees, will not be admitted uito the Air at all. And @xick- 


filver will neither admit oblique or direct, but refledtsall z ſeeming, as to 


the tran:mitting of the Rates of Light, to be of a quite differing conſti- 
tution,from that of Air,Water.Glaſs, &c. and to reſemble moſt thoſe opa- 
cous and ſtrong reflecting bodies of Metals: So alſo as to the property of 
coheſion or cengruity , Water ſeems to keep the ſame order, being 

| more 
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More © ous to Glaſs then Air, and Air then Quickſilver. | 

" ASecond thing ( which was hinted to me, by the conſideration of the 
included fluids globular form , cauſed by the protruſion of the ambient 
heterogeneous fluid) was, whether the Phexomena of gravity might not 
by this means be explained,by ſuppofing the Ghobe of Earth, Water, and 
Ais to þe included with a flixid, heterogeneous to all and each of them, 
ſo ſubtil , as not only to be every where interſperſed through the 47r, Cor 
rather the air throughit ) but to pervade the bodies of Glaſs, and even 
the cloſeft Metals, by which means it may endeavour to detrude all earth- 
ly bodies as far from itas it can 3 and partly thereby,and partly by other 
of its properties may move them towards the Center of the Earth. Now 
that there is ſome ſuch fluid, could produce many Experiments and Rea- 
ſons, that do ſeem to prove it : But becauſe it would ask ſome time and 
room to ſet them down and explain them, and to conſider and avſiyer a}l 
the Obje&tions ( many whereof I foreſee ) that may bealledged againſt 
It; I ſhall atpreſent proceed to other @eries,contenting my ſelf to haye 
here only given a hint of what I may ſay more el{where. 

A Third 9xery then was , Whether the heterogeneity of the ambient 
Paid may not be accounted a ſecondary cauſeof the _—_— or globular 

«of the greater bodies of the world,ſuch as are thoſe of the Sw:,Stars, 
and Planets, the ſubſtance of each of which ſeems altogether heterogene- 
exe to. the circum-ambient fluid ether > And of thisI ſhall ſay more inthe 
Obſervation of the Moon. 

A Fouxth was, Whether the globular form of the ſaraller parcels of 
matter here upon the Earth, as that of Fruits, Pebbles, or Flints , &c. 
( which ſeem to have been a Liquor at firſt ) may not be cauſed by the 
heterogeneous ambient fluid, For thus we ſee that melted Glaſs will be 
naturally formed .intoa round Figure; fo likewiſe any ſmall Parcel of any 
Juſible body., if it be perfettly encloled by the Air , will be driven into a 
globular Form ; and,when cold, will be found a /o/;d Ball. This is lamty 
enpugh manifeſted to us by their way of making ſhot with the f tr of 
Lead; which being a very pretty curioſity and known but toa very tew, 
and having the liberty of publiſhing it granted me, by that Eminent Vir- 
troſo'Six-Rebert Moray , who brought in this Account of it to the Royal $9- 
czety, Thave here tranſcribed and inſerted. 


To make ſmall ſhot of different fizes ; Communicated by his 
Highneſs P, R. 


"Þ * Ake Lead out of the Pig what quantity you pleaſe, melt it down, 
'M fiir and clear it with an iron Ladk , gathering together the 
blackiſh parts that ſwim at top like ſcum, and when you ſee the co- 
bour of the clear Lead to be greeniſh,but no ſooner, ſlrew upon it Auri- 


pigmentum 


MicrocraPenitd: 
pigtnentum, powdered according to\the quantity of Lead.,*:aboutt a4 
much ts. will bye upon a. half Crown piece will:ſerve for eighteen c or 
twenty pound weight of fone forts of Lead ; others-will require mbre;'or 
leſs. After the Auripigmenturn' zsput in, ftir:the Lead well; arid the 
Auripigmentum will flame : when the flame\ is over, take oat- fone 
of the Lead.in a Ladle having a lip or notch in\the brim for\vonveni- 
ent pouring out of the Lead,and being well warmed amongft the ielted 
Lead, = with a flick make ſome ſingle drops of Lead trickde\out of 
the Ladle i into water in @ Glaſs , which if they'fall to be-round\ and 
without tails, there is Auripigmentum: enough put in, and the temper 
- of the heat 3s right, otherwiſe put in more. - Then lay two bats of tron 
( or fome moreproper Iron-!021 made on purpoſe.) upon a Pail of was 
ter,and place upon them a round Plate of Copper, of the ſize and:figure 
of an ordinary large Pewter or Silver Trencher, the hollow wheredf is to 
be about three inches over , the bottom lower then the brims about-half 
an inch, pierced with thirty, forty, or more ſmall holes; the ſmaller: the 
holes are, the ſmaller the ſhot will be; and the brim is to be _— _" 
the bottom;to conſerve. the heat the Nene 

The bottom of the Trencher being ſome four inches di ;ant Pen the 

water in the Pail,lay upon it ſome burning Coles,to keep the Lead melt- 
ed upon it. Thenwith the hot Ladle take Lead off the Pot where it 
ſtands melted, and pour it ſoftly upon the burning Coles over the bottom 
of the Trencher, and.it will immediately run through the holes into the 
water in ſmall round drops. Thus pour on new Lead ftill as faſt az 
it runs through the Trencher till all. be done ; blowing now and then 
the Coles with hand-Bellows, when the Lead in the Trencher cools'ſo as 
to ſtop from running. 

Whilſt one pours on the Lead, another muſt, with another Ladle, 
thruſted four or five inches under water inthe Pail, catch from time 
to time ſome of the ſhot,as it dr s s down, to ſee the ſize of it, and whether 
there be any faultsin it. The greateſt care 3s to keep the Lead upon 
the Trencher in the right degree of heat ; if it be too cool , it will not 
run through the Trencher, though it ſtand melted upon it ; and this 15 to 

be 
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be helped by blowing the Coals a little , or pouring on new Lead that i, 
hotter > but the cooler the Lead the larger the Shot; and the hotter the 
frnaller ; when it is too bot, the drops will crack. and fly; then you 
mui ſtop pouring on new Lead,and let it cool; and fo long as you oþ- 
ſerve the right temper of the heat, the Lead will conſtantly drop into very 
round Shot, without ſo much as one with a tail in manypounds. 

When all is done, take your Shot out of the Pail of water, and put it 
ina Frying-pan over the fire to dry them ,, which muſt be done warih, 
fill ſbaking them that they melt not ; and when they are dry you may 
ſeparate the ſmall from the great , in Pearl Sives made of Copper or 
Lattin let into one another, into as many ſizes as you pleaſe. But if 
you would have your Shot larger then the Trencher makes them , you 
may db it with a Stick., making them trickle out of the Ladle, as hath 

been ſaid. 

 Ff theTrencher be but toucht a very little when the Lead flops from 
going through it, and be not too cool.jt will drop again, but it 3s better 
not totouch it at all, At the metting of the Lead take care that there 
be no kind of Oyl, Greaſe, or the like, upon the Pots, or Ladles.or Tren- 
cher. 

The Chief cauſe of this Globular Figure of the Shot, ſeems to be the 
Auripigmentum ; for, as ſoon as it is put in among the melted Lead, 
it bes its ſhining brightneſs, contrafling inſtantly a grayiſh filmor 
Skin upon it, when you ſcum it to make it clean with the Ladle. So 
that when the Air comes at the falling drop of the melted Lead, that 
Skin confiriis them every where equally : but upon what account, and 
whether this be the true cauſe, is left to further diſquiſition, 


Much after this ſame manner, whew'the Air is exceeding cold through 
which it paſſes, do we find the drops of Rain, falling from the Clouds, 
congealed into round Hail-ſtones by the freezing Ambient. 

To which may be added this other known Experiment, That if you 
gently let fall a drop of water upon ſmall ſazd or duſt, you ſhall find, as it 
were, an artificial rod ſtore quickly generated, I cannot upon this oc-_ 


caſion omit the mentioning of the ſtrange kind of Graiz , which I have 


obſerved ina ſtove brought from Kettering in Northamptonſhire,and there- 
fore called by Maſons Kertering-S10ne, of which fee the Deſcription. 
Which 
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Which brings into my mind what I long, ſince obſeryed in the fiery;Sparks 
that are{ſtruck out of a Steel. For having a great defire to ſee what was 
left behind, . after the Spark was gone out, I purpoſely ſtruck hire over a 
yery white piece of Paper, and obſerving diligently where ſome conſpi- 
cuous ſparks went out ,'I found a very little black ſpot no bigger then 
the point of a Pin, which through a 4icroſcope appeared to be a perfe&- 
Iy round Ball, looking much like a poliſhr ball of Steel, inſomuch that 
T was able to ſee the Image of the window reflefted from it. Icannot 
here ſtay (having doneit more filly in another place ) to examine the 
particular Reaſons of it, but ſhall only hint, that I imagine it to be-ſome 
mall parcel of the Steel, which by the violence of the motion of, the 
ſtroke ( moſt of which ſeems to be impreſt upon thoſe ſmall parcels) is 
made ſo glowing hot, that it is melted into a Yi#rum, which by the ambi= 


ent Air is thruſt into the forni of a Ball. | 

- AFifth thing which I thought worth Examination was, Whether the 
motion of all kind of Springs, might. not be reduced to the Principle 
whereby the included heterogeneous fluid (cems to be moved ; or to that 
whereby two Solids, as Marbles, or the like, are thruſt and kept together 
by the ambient fluid. | 


A Sixth thing was, Whether the Riſing and Ebullition of the Water. out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superficies of the Sea, from whence it ſeems to be derived) 
may-not be explicated by the riſing of Waterin a ſmaller Pipe : For the 
Sea-water being ſtrained throngh the Pores or Cranmies, of the Earth, is, 
as it were, included in little Pipes, where the preſſure of the Air has not 

=: fo great a powertorefiſt its riſing : But examining this way, and finding 
— in 1tſeveral difficulties almoſt irremovable, I thoughtupon a way that 
= would much more naturally and conceivably explain it, which was by 
this following Experiment: I took a Glaſs-Tube, of the form of that 
deſcribed in the ſixth Figure, and chuling two heterogeneons fluids, ſuch 
as Water and Oyl, I poured in as much Water as filled up the Pipes as 
high as A B, then putting in ſome Oyl into the Tube AC, I depreſt the 
ſuperficies A of the Water to E, and BI raiſed to G, which wasnot ſo 
high perpendicularly as the ſuperticies of the Oyl F, by the ſpace F T, 
wherefore the proportion of the gravity of theſe two Liquors was as 
GHtoFE. 


This ExperimentlI tried with ſeveral other Liquors, and particularly 
with freſh Water and Salt ( which I made by diſſolving Salt in warm 
Water ) which two though they are nothing heterogeneous, yet before 
they would perfectly mix one with another, I made trial of the Experi- 
ment : Nay, letting the Tube wherein tried the Experiment remain for 
many dayes, I obſerved them not to mix ; but the ſuperficies of the freſh 
was rather more then leſs elevated above that of the Salt. Now the 
proportion of the gravity of Sea-water, to that of River-water, accord- 
ing to Stevirus and Varenius, and as I havelince found pretty true by 
making trial my felf, is as 46. to' 45. that is; 46. Ounces of the ſalt Wa- 
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ter will take up no more room then 45. of the freſh, Or reciprocally 
5 pints of falt-water weigh as much as 46 of freſh. he 
But I found the proportion of Brine to freſh Water tobe tiear 13 to 12: 
Suppoſing therefore G H M to repreſent the Sea, and F I theh gut of 
the Mountain above the Superfictes of the Sea, F M a Cayernin the 
Earth, beginning at the bottom of the Sea, and terminated at the top of 
the Mountain, L M the Sand at the bottom, through which the Water 
is as it were ſtrained , ſo as that the freſher parts are only pertaitted ta 
tranſude,and the ſaline kept back ; if therefore the proportion of G M 
to F M beas 45 tog6, then may the Cylinder of Salt-water GM make 
the Cylinder of Freſh-water to riſe as high as E, and torun over at N. 
I cannot here ſtand to examine or confute their Opinion , who make the 
depth of the Sea, below its Superficies , to be no more perpendicularly 
meaſured then the height of the Mountains above it: Tis enough for 
me to ſay, there isno one of thoſe that have aſſerted it, have experimen- 
tally known the perpendicular of either; nor ſhall I here determine,whe- 
ther there may not be many other cauſes of the ſeparation of the freſh 
water from the falt , as perhaps fome parts of the Earth through which it 
is to paſs, may contain a Salt, that mixing and uniting with the Sea-ſalt, 
may precipitate it ; much after the ſame manner as the Alkalizete and 
Acid Salts mix and precipitate each other in the preparation of Terta- 
rum Vitriolatum. IT know not alſo whether the exceeding cold ( that 
mult neceſſarily be ) at the bottom of the Water, ma oothels towards 
this ſeparation , for we find , that warm Water is able to diſlolve and 
contain more Salt , then the ſame cold; infomuch that Brines ſtrongly 
impregnated by hear, if let cool, do ſuffer much of their Salt to ſubfde 
and cryſtallize about the bottom and ſides. I know not alſo whether 
the exceeding preſſure of the parts of the Water one againſt another, 
may not keep the Salt from deſcending to the very bottom, as finding 
little or no room to inſert it ſelf between thoſe parts , protruded fo vio- 
lently together , or elſe ſqueeze it upwads into the ſuperiour parts of the 
Sea, where it may more eaſily obtain room for it ſelf, amongſt the parts 
of the Water , by reaſon that there is more heat and leſs preſſure. To 
this Opinion I was ſomewhat the more induced by the relationsI have 
met with in Geographical /riters, of drawing freſh Water from the bot- 
tom of the Sea , which is ſalt above. I cannot now ſtand to examine, 
whether this natural perpetual motion may not artificially be imitated : 
Nor can [ſtand to anſwer the ObjeCtions which may be made againſt this 
my Suppoſition : As, Firſt, How it comes to paſs.that there are ſometimes 
falt Springs much higher then the Superficies of the Water? And, Se- 
condly,Why Springs do not run faſter and flower, according to the yary- 
ing height made of the Cylinder of Sea-water, by the ebbing and flow- 

ing of the Sea ? | 
As'to the Firſt, Inſhort, I fay, the freſh Water may receive again a 
ſaline TinQure near the Superficies of the Earth, by paſſing through 
ſomeſalt Mires, or elſe many of the ſaline parts of the Sea may be kept 

back, though not all. 

And 


And as to the Second,,,' The fame-$privg mayibe fed and ſupplyed by 
divers Caverzs, coming from very far\diſtant;partsof the Sea; -fo as that 
it may in one place be4high, inanother.{ow water; .and fo by that.rheans 
the Spring may be equally ſupply'd:atall times, -  Or.elfe the Cavery may 
be ſo ſtraight and narrow, that the water nothtiihg ſo ready/and free 

aſlage through it, cannot upon ſo ſhort and quick mutations of refſure, 
be able to produce any fenlible ctiect at fuch a i diſtance. Beſides that; 
to confirm this hypotheſis, there are many Examples.found in Nataral Hiſto- 
rians,of, Springs that do ebb and flow like the Sea-; Asparticularly,thoſe 
recorded by the Learned Camder, and after him by $speed, to befound in 
this I/ard.: One of which,they relate to be- onthe Top of a Mountain, 
by the ſmall Village Klker in Flintſhire , Maris enmlus qui ſtatis tempos 
ribws ſuas evomit & reſorbet Aquas ; Which at certain times Tiſeth and 
falleth after the manner of the Sea, A Second in Caermardenſhire, 
near Caermarden, ata place called Cantred Bichan ; 9ui ( ut ſcribit Gi: 
raldus ) naturali die bis undis deficiens , &*« toties exuberans , marinas 
imitatur inſtabilitates 3 That twicein four and twenty hours ebbing and 
flowing , reſembleth the unſtable motions of the Sea, The Phenomena 
of which two may be eaſily made out, by ſuppoling the Caversz, by which 
they are fed , to ariſe from the bottcm of the next Sea. A Third, is a 
Well upon the River Ogmzore in Glamorganſhire, and near unto Newtoz, of 
which Camder relates himſelf to be certified,by a Letter from a Learned 
Friend of his that obſerved it, Fors abeſt hinc, ec. The Letter is a little 
too long to be inſerted, but the ſubſtance is this ; That this Well ebbs and 
flows quite contrary to the flowing and ebbing of the Sea in thoſe parts : 
for 'tis almoſt empty at Full Sea, but full at Low water. This may hap- 
en from the Channel by which it is ſupplied , which may come from the 

ttom of a Sea very remote from thoſe parts, and where the Tides are 
much diflering from thoſe of the approximate ſhores. A Fourth, lies in 
Weſtmorland, near the River Loder 3 @ni inſtar Enrips ſpins in die reci- 
procantibus undis fluit &-refluit , which ebbs and flows many times a day, 
This may proceed from its being ſupplyed from many Channels, coming 
from ſeveral parts of the Sea, lying ſufficiently diſtant aſunder to have the 
times of High-water differing enough one from the other ; ſo as that 
whenſoever it ſhall be High water over any of thoſe places, where theſe 
Channels begin, it ſhall likewiſe be ſoin the Well; but thisis but a ſuppo- 
lition. | 

A Seventh @wery was, Whether the diſo/ntion or mixing of ſeveral bo- 
dies, whether tiuid or folid,with faline or other Liquors,might not partly 
be attributed to this Principle of the congruity of thoſe bodies and their 
diſſolvents? As of Salt in Water,Metals in ſeveral Mezſtruums, Unftuous 
Gums in Oyls, the mixing of Wine and Water, @c. And whether preci- 
pitation be not partly made from the ſame Principle of Incongruity ? I 
lay partly, becaule there are in ſome Ditlolutions,ſome other Cauſes con- 
current. 

I ſhall laſtly make a much more ſeemingly ſtrange and unlikely @zery 3 


and that is, Whether this Principle, well examined and explained, may 
F 2 not 
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not be found a IN in the moſt conſiderable Operations of Na- 
Kash As inthoſe of Heat, and Light,and conſequently.of Rarefation and 
Condenſation, Hardneſs, and Fluidmneſs, Perſpicuity and Opacoufreſs,Refratt1- 
on and Colours, Sc. Nay,I know not whether there may be triatiy things 
done in Nature, in which this may tot” ( beſaid to_) have a Finger? This 
I have in ſome other paſſages of this Treatiſe further wt and 
ſhewn, that as well Light as Heat may be cauſed by corrofo,which is ap- 
plicable to congruity,and conſequently all the reſt will be but Jnbſequents: 
In the mean time I would not willingly be guilty of that Error,which the 
thrice Noble and Learned Yernlam: juſtly takes notice of, as ſuch,and calls 
Philoſophie Genms Empirieum , quod in paucorum Expertmentorum Anguſtizs 
& 0bſcuritate fundatum eſt. For I neither conclude'from one fingle Expe- 
riment,nor are the Experiments I make uſe of.all made upon one Subjett : 
Nor wreſt Iany Experiment to make it quadrare with any preconceiy'd 
Notion.. But onthe contrary , I endeavour to be converſant in divers 
kinds of Experiments, and all and every one of thoſe Trials, I'make the 
Standards or Touchſtones, by which I try all my former Notions, whether 
they hold out in weight, and meaſure,and touch, &c. For as that Body is 
no other then a Counterfeit Gold , which wants any one of the Proprie- 
ties of Gold, ( ſuch asare the Malleableneſs, Weight, Colour, Fixtneſs 
in the Fire,[ndiſlolubleneſs in Aqua fortis,and the Itke ) though it has all 
the other ; ſo will all thoſe Notions be found to be falſe and deceitfu}, 
that will not undergoall the Trials and Teſts made of them by Experi- 
ments. And therefore ſuch as will not come up to the defired 4pex of 
PerfeCtion, Irather wholly reje& and take new, then by piecing and 

tching,endeavour to retain the old.as knowing ſuch things at beſt to be 
Ks lame and imperfeft. And this courſeT learned from Nature ; whom 
we find neglectful of the old Body. and ſuffering its Decaies and Infirmi- 
ties to remain without repair , and altogether ſollicitous and careful of 
perpetuating the Species by new Tzdividuals. And it iscertainly the moſt 
likely way to ereCt a glorious Structure and Temple to Natyre, ſuch as ſhe 
will be found ( by any zealons Vetary ) torefide in; to begin to build a 
new upon a ſure Foundation of Experiments. 

But to digreſs no further from the conſideration of the Phenomena, 
more immediately explicable by this Experiment, we ſhall proceed to 
ſhew, That, asto the riſing of Water ina Filtre, the reaſon of it will be 
manifeſt to him. that does take notice,that a Filtre is conſtituted ofa great 
number of ſmall long folid bodies, which lie ſo cloſe tegether, that the 
Airinits getting in between them, doth loſe of its preflure that it has a- 
gainſt the Fluid without them, by which means the Water or Liquor not 
finding fo ſtrong a reſiſtance between them as is able to counter-baltance 
the preſſure on its ſuperficies without, is raiſed upward, till it meer with a 
preffure of the Air which is able to hinder it. And as to the Riſing of 
Oy], melted Tallow, Spirit of Wine, ec. inthe Week of a Candleor 
Lamp, it isevident, that it differs in nothing from the former, ſave only 
In this, that in a Filtre the Liquor deſcends and runs away by another 
part 3 and m the Week the Liquor is diſperſed and carried ayway by the 
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Flame 3 ſomething there is aſcribable to the Heat , for that it may tarifie 
the more volatil and fpirituous parts of thoſe combuſtible Liquors, and f6 
being made lighter thenthe Air , it may be prottuded upwards by that 
more ponderous fluid body in the Form of Vapours; but this can be 
aſcribed to the aſcenſion of but a very little,and nioſt likely of that on: 
ly which aſcends without the Week. As for the Riſing of it in a Spuige, 
Bread,Cotton.&c. above the ſuperficies of the ſubjacent Liquor z what 
has been faid about the Filtre. (if confidercd ) will eably * ſuggeſt 4 
reaſon , conſidering that all theſe bodies abound with ſmall holes or 
OreS. HH 
: From this ſame Principle alſo ( viz. the unequal preſſhre of the Av as 
gainſt the unequal ſuperficies of the water ) proceeds the caule of the ac: 
ceſſion or incurſion of any floating body againſt the fides of the con+ 
taining Veſſel, or the appropinquation of two floating bodies, as Bubbles, 
Corks, Sticks, Straws, Ec. one towards another. As for inſtance, Take 
a Glaſs-jar, ſuch as AB inthe ſeventh Figzre, and filling it pretty near the 
top with water , throw into it a ſmall round piece of Cork, as C, and 
plunge it all over in water , that itbe wet , ſo as that the water may riſe 
up by the ſides of it,then placing it any where upon the ſuperficies, about 
an inch,or one inch and a quarter from any fide, and you fhall percetve it 
by degrees to thake perpexdicularly toward the neareſt part of the lide, 
and the nearer it approaches, the faſter to be moved ; the reaſon of 
which Phenomenon will be found no other then this, that the Air has a 
greater preſſure againſt the middle of the ſaperficies , then it has againſt 
thoſe parts that approach nearer, and are coxtigyvox# to the ſides. Now 
that the preſſure 1s greater , may ( asIſhewed before in the explication 
of the third Figure _) be evinced from the flatting of the water in the 
middle, which ariſes from the gravity of the under fxid: for ſince, as I 
ſhewed before,if there were no gravity in the under flxd,or that it were 
equal to that of the upper , the terminating Surface would be Spherical, 
and fince it is the additional preſſure of the gravity of water that makes 
it ſo flat, it follows, that the pretſure upot the middle muſt be greater then 
towards the fides. Hence the Ball having a ſtronger preſlure againſt that 
ſide of it which reſpects the middle of the ſaperficzes , then againſt that 
which reſpetts the approxizzate tide , muſt necctiarily move towards that 
part, from whence it finds leaſt reſiſtance, and ſo be accelerated, as the re- 
fiſtance decreafes. Hence the more the water is raiſed under that part 
of its way it is paſſing above the middle, the faſter it is moved : And 
therefore you will tind it to move faſter inE then in D, and inD then 
in C. Netther could I find the floating ſubſtance to be moved at all, un- 
til it were placed upon ſome part of the Swperficies that was ſenhibly ele- 
vated above the height of the middle part. Now that this may be the 
true cauſe, you may try with a blown Bladder, and an exactly round Ball 
upon a very ſmooth ſide of ſome pliable body , as Hors or Qnicksilver. 
For if the Ball be placed under a part of the Bladder which 1s upon one 
fide of the middle of its prefſure , and you preſs ſtrongly againſt the 
Bladder,you ſhall find the Ball moved from the middle towards = ſides. 
Javing 
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Having therefore ſhewn the reaſon of the motion of any float towards 
the ſides, the reaſon of the incurſion of any. two _— bodies will eafi- 
ly appear : For the riſing of the water againſt the ides of either of 
them.isan Argument ſuffictent,to ſhew the preſſure of the Airto be there 
leſs.then it is further from it, where it is not ſo much elevated ; and there- 
fore the reaſon of the motign of the other toward it , will be the fame as 
towards the ſide of the Glaſs 3 only here from the ſame reaſon, they are 
mutually moved toward each other , whereas the fide of the Glaſs in the 
former remains fixt. If alſo you gently fill the Jar ſo full with water, 
that the water isprotuberant above the ſides, the ſame piece of Cork that 
before did haſten towards the ſides, does now fly from it as faſt towards 
the middle of the Superficies; the reaſon of which will be found no 0- 
ther then this, that the preſſure of the Airis ſtronger againſt the ſides of 
the Superficies G and H, then againſt the middleT ; for ſince, asI ſhewed 
before, the Principle of congruity would make the terminating Surface 
Spherical , and that the flatting of the Surface in the middle is from the 
abatement of the waters preſſure outwards, by the contrary indeavour 
of its gravity 3 it follows that the preſſure in the middle muſt be leſs then 
on the ſides; and therefore the conſecution will be the ſame as in the 
former. It is very odd to one that conſiders not the reaſon of it , to ſee 
two floating bodies of wood to approach each other,as though they were 
indued with ſome magnetical vigour ; which brings into my mind what I 
formerly tried with a piece of Cork or ſuch like body, which I fo order- 
ed, that by putting a little ſtick into the ſame water, one part of the ſaid 
Cork would approach and make toward the ſtick, whereas another 
would diſcede and fly away,nay it would have a kind of verticity , ſo as 
that if the Zquator (as I may ſo ſpeak) cf the Cork were placed to- 
wards the ſtick, if let alone, it would inſtantly turn its appropriate Pole 
toward it, and then run a-tilt at it:and this was done only by taking a dry 
Cork, and wetting one fide of it with one {mall ſtroak ; tor by this means 
gently putting it upon the water, it would depreſs the ſuperficies on eve- 
ry {ide of it that was dry , and therefore the greateſt pretJure of the Air, 
being near thoſe ſides cauſed it either to chaſe away,or elſe to fly oft from 
any other floating body, whereas that fide only, againſt which the water 
aſcended, was thereby able to attract. 

It remains only, that Iſhould determine how high the Water or other 
Liquor may by this means be raiſed in a ſmaller Pipe above the Superti- 
cies of that without it , and at what height it may be ſuſtained : But to 
determine this, will be exceeding difficult, unleſs I could certainly know 
how much of the Airs preſſure is taken oft by the ſmalneſs of fuch and 
ſuch a Pipe,and whether it may be wholly taken off, that is, whether there 
can be a hole or pore ſo ſmall, into which Air could not at all enter, 
though water might with its whole force ; for were there ſuch , 'tis mani- 
feſt, that the water might riſe in it to ſome five or {1x and thirty Engliſh 
Foot high. I know not whether the capillary Pipes in the bodies of ſmall 
Trees, which we call their 2/icroſcopical pores,may not be ſuch ; and whe- 


ther the congruity of the ſides of the Pore may not yet draw the juyce 
| even 
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even lugher then the Air was able by its bare preſſare to raiſe it< For, 
Congrutty is a principle that not only unites and holds a body joyned to 
it, but, which is more, attracts and drawsa body that is very nearit, and 
holds it above its uſual height, To 

And'this is obvious even 1n a drop of water ſuſpended undet any Sj- 
milar or Congruous body:: For, beſides the ambient preſſure that helps to 
keep it ſuſtetn'd, there ts the Congruity of the bodies that are contigu- 
ous. This ts yet more evident in Tenacious and Glutinous bodies; ſrch 
as Gummous Liquors, Syrups, Pitch, and Rofin melted, ec. Tar, Tur- 
pentine, Balſom, Bird-lime, ec. for there it is evident, that the Parts 
of the tenacious body, as-I may fo call it, doſtick and adhere fo cloſe- 
ly together, that though drawn out into long and very ſlender Cylin- 

ers, yet they will not eaſily relinquiſh one another; and this, though 

the bodies be aliquaterns fluid, and in motion by one another ; which, 
to ſuch as conſider a fluid body only as its parts are in a confuſed irregu- 
hr motion, without taking in alſo the congruity of the parts one among 
another, and incongruity to ſome other bodies, does appear not alittle 
ſtrange. So that beſides the incongruity of the ambient fluid to it, we 
are to conſider alſo the congruity of the parts of the contein'd fluid one 
with another. | 

And this Cy (that Imay here alittle further explain it )is both 
a Tenaceous and an Attractive power ; for the Congruity, in the Vi- 
brative motions, may be the cauſe of all kind of attraction, not only Ele- 
Arical, but Magnetical alſo, and therefore it may be alſo of Tenacity 
and Glutinouſneſs. For, from a perfe& congruity of the motions of two 
diſtant bodies, the intermediate fluid. particles are ſeparated and dro- 
ven away from between them, and thereby thoſe congruous bodies are, 
by the incompaſiing mediums, compell'd and forced neerer together ; 
wherefore that attraiveneſs muſt needs be ſtronger, when, by anim- 
mediate contaQ, they are forc'd to be exactly the fame : As I ſhew more 
at large in my Theory of the Magnet. And this hints to me the reaſon of 
the ſuſpenſion of the XMercnry many inches, nay many feet, above the uſu- 
al ſtation of 3o inches. For the parts of @xick-ſlver, being ſo very 
ſimilar and congruous to each other, if once united, will not eafily ſuffer 
a divulſion : And the parts of water, that were any wayes beterogeneows, 
being by exantlatior or rarefaction exhauſted, the remaining parts bei 
alſo very ſimilar, will not eafily part neither. And the parts of the Gla 
being ſolid, are more difticultly disjoyn'd ; and the water, being ſome- 
what ſimilar to both, 1s, as it were, a medium to unite both the Glaſs and 
the Mercury together. So that all three being united, and not very diſ- 
ſimilar, by means of this conta, if care be taken that the Tube ine- 
reCting be not ſhogged, the @xicksilver will remain ſuſpended, notwith- 
ſtanding its contrary indeavour of Gravity , a great height above its or- 
dinary Station; bur if this immediate Conta& be removed, citherby a 
meer ſeparation of them one from another by the force of a ſhog, where- 
by the other becomes imbodied between them, and licks up from the 
ſurface ſome agil parts, and ſo hurling them makes them air ; or elſe 


by 
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by ſome ſinall heterogeneous. agil:patt of the Water, or Air, ot Quick. 
fver, which _ a bubble: and by its jumbling to andfro there ig 
made way for the heterogeneous ther to obtrude it ſelf, /betyyeen'the 
Glaſs and either of the other Fluids, the Gravity of ALY Precipitates 
it downward with' very.great violence 3 and if the Vellelt at holds the 
reſtagnating Mercury be convenient, the Mercury will for a time vibrate to 
and fro with very large reciprocations, and at laſt will remain kept up by 
the preſſure of the external Air at the height of neer thirty inches, And 
whereas it may be objected, that it cannot be, that the meer imbodyi 
of the Ether between theſe bodies can be the cauſe,fince the'Zther ha- 
vinga free paffage alwayes , both through the Pores of the Glaſs, and 
through thoſe of the Fluids , there 1sno reaſon why it ſhould not make a 
ſeparation at all times whilſt it remains ſuſpended, as when it is violently 
diſ-joyned by a ſhog. TothisI anſwer , That though the ther paſles 
between the Particles, that is, through the Pores of bodies, {oas that any 
chaſme or ſeparation being made , it has infinite paſſages to admit its en- 
try into it, yet ſuch is the tenacity or attraQtive virtue of Congruity, that 
till it be overcome by the meer ſtrength of Gravity, or by a ſhog aſliſting 
that Conatus of Gravity, or by an agil Particle, that 1s like a leaver agt- 
tated by the Ztber ; and thereby the parts of the congruous ſubſtances 
are ſeparated ſo far aſfunder , that the ſtrength of congruity 1s ſo'far wea- 
henod ihe not to be able to reunite them, the parts to be faken hold of be- 
ing removed out of the attractive Sphere, as I may ſo ſpeak, of the con- 
gruity ;, ſuch, I fay, is the tenacity of congruity, that it retains and holds 
the almoſt contiguous Particles of the Fluid , and ſuffers them not to be 
ſeparated, till by meer force that attractive or retentive faculty be over- 
come : But the ſeparation being once made beyond the Sphere of the 
attradtive aCtivity of congruity , that virtue becomes of no effect art all, 
but the Mercury freely falls downwards till it meet with a reſiſtance from 
the preſſure of the a-zbient Air, able to reſiſt its gravity, and keep it for- 
ced up in the Pipe to the height of about thirty inches. 

Thus have I gently raiſed a Steel perdulumby a Loadſtone to a great 
Angle, till by the ſhaking of my hand I have chanced to make a ſepara- 
tion between them, which is no ſooner made, but as if the Loadſtone had 
retained no attractive virtue, the Pcrdulum moves freely from it towards 
the other fide. So vaſta difference is there between the attraGtive vir- 
tue of the Magnet when it atts upon a contiguous and upon a disjoyned 
body : and much more muſt there be between the attractive virtues of 
congruity upon a contiguous and disjoyned body ; and in truth the attra- 
Ctive virtue is ſo little upon a body disjoyned, that though I have with a 
Microſcope obſerved very diligently, whether there were any extraordi- 
nary protuberance on the fide of a drop of water that was exceeding neer 
to the end of a green ſtick, but did not touch it, I could not perceive the 
leaſt; though I found , that as ſoon as ever it toncht it the whole drop 
would nw Ha unite it ſelf with it; ſo that it ſeems an abſolute con- 
tact-is requiſite to the exerciſing of the tenacious faculty of congruity. 
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Obſerv. VII. Of ome Phiznomena of Glaſs drops: - | 


Heſe Glaſs Drops ate ſmall [parcels of coarſe gteen Glaſs taken' out of 

the Pots that contain the Metal ( as they call it-) in fufion, uponthe 
end of anTIron Pipe 3 and being exceeding hot, and thereby of a kind of 
ſluggiſh fluid Conſiſtence, are ſuffered to drop from thence into a Bucket 
of cold Water, andin it to lye till they be grown ſenfibly cold;  - 

Some of theſe I broke in the open air, by ſnapping off a little of the 
ſmall ſtem with my fingers, others by crufhing it with a ſmall pair of Ply- 
ers3 which I had no fooner done, then the whole bulk of the drop flew 
violently, with a very brisk noiſe, into multitudes of ſmall pieces, ſome of 
which were as ſmall as duſt, though in ſome there were remaining pieces 
pretty large, without any flaw at all, and others very much flaw'd, which 
by rubbing between ones fingers was eaſily reduced to duft; theſe di- 
ſperſed every way ſo violently , that ſome of them pierced my skin. Þ 
could not find,either with my naked Eye.,or a 4croſcope, that any of the 
broken pieces were of a regular figure,nor any one like another, but for 
the moſt part thoſe that flaw'd off in large pieces were prettily bran- 
ched. | 
The ends of others of theſe drops I nipt off whilſt all the bodies and 
ends of them lay buried under the water,which, like the former. flew al} 
to pieces with as brisk a noiſe, and as ſtrong a motion, 

Others of theſe I tried to break, by grinding away the blunt end, and 
though [I took a ſeemingly good one, and had ground away neer two 
thirds of the Ball, yet would it not fly to pieces, but now and then ſome 
ſmall rings of it would ſnap and fly oft , not without a brisk noiſe and 
quick motion, leaving the Surface of the drop whence it flew very pretti- 
ly branched or creaſed, which was eafily diſcoverable by the Microſcope; 
This drop.after I had thus ground it, without at all impairing the remnant 
that was not ground away, I cauſed to fly immediately all into ſand upon 
the nipping off the very tip of its {lender end. 

Another of theſe drops I began to grind away at the ſmaller end , but 
had not worn away on the ſtone above a quarter of aninch before the 
whole drop flew with a brisk crack into ſand or ſmall duſt 5 nor would 
it have held ſo long , had there not beena little flaw in the piece that F 
ground away, asI afterwards found. 

Several others of theſe drops I covered over with a thin but very tuff 
skin of Zcthyoco//a, which being very tough and very tranſparent,was the 
molt convenient ſubſtanee for hels tryals that I could imagine, aj 
dipt,I ſay, ſeveral of theſe drops in this tranſparent Glue whilſt hot, an 
ſuffering thern to hang by a ſtring tied about the end of them Hill they 
werecold, and the skin pretty tough; then wrapping all the body os the 
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jrop ( leaving out only. the very tip _ in fine ſupple Kids-leather ver 
ie AN rs off the {mall top, and found, as[ expected, that notwich. 
ſtanding this skin of Glue, and the cloſe wrapping up in Leather, upon 
the breaking of the top, the drop gavea crack like the reſt, and gore my 
hand a pretty brisk impulſe: but yet the skin and leather was ſo ſtrong as 
to keep the parts from flying out of their former poſturez and, the $kin 
being tranſparent , I found that the drop retained exactly its former fi- 
gure and poliſh, but was grown perfeQly opacousand all over flaw'd, all 
thoſe flaws lying in the manner of rings, from the bottom or blunt end, to 
the very top or ſmall point. And by ſeveral examinations with a Aicro- 


' ſcope, of ſeveral thus broken, I found the flaws, both within the body of 


the drop, and on the outward ſurface, to lye much in this order. 
Let AB in the Figure X of the fourth Scheme repreſent the drop caſed 
over with ithyocoll; or Tfrelaſs,and ( by being ordered asis before pre-' 
ſcribed }) crazed or flawed into gneng but by the skin or caſe kept in its 
former figure , and each of its flawed parts preſerved exaCtly in its due | 
poſture 3 the outward appearance of it ſomewhat plainly to the naked 
eye, but much more conſpicuous if viewed with a ſmall ſenſs appeared 
much after this ſhape. Thar 1s, the blunt end B for a pretty breadth, 
namely, as far astheRing C C C ſeemed irregularly flawed with divers 
clefts, which all ſeemed to tend towards the Center of it, being, as I af- 
terwards found , and ſball anon ſhew in the deſcription of the figure Y, 
the Baſis, as it were, of a Cone, which was terminated a little above the 
middle of the drop, all the reſt of the Surface from C CC to A was 
flawed with an infinite number of ſmall and parallel Rings. which as they 
were for the moſt part very round , ſo were _y very thick and cloſe 
together, but were not ſo exactly flaw'd as to make a perfect Ring, but 


each circular = was by irregular cracks flawed likewiſe into multitudes 


of irregular flakes or tiles ; and this order was obſerved likewiſe the 
whole length of the neck, 

Now though I could not ſo exactly cut this conical Body through the 
Axis, as is tepreſented by the figure Y; yet by anatomizizg, as it were, 
of ſeveral, and taking notice of divers particular circumſtances, I was in- 
formed, that could I have artificially divided a flaw'd drop through the 
Axis or Center, | ſhould with a Microſcope have found it to appear much 
of thisform, where A ſignifies the Apex, and B the blunt end, CC the 
Cone of the Baſis, which is terminated at T the top or end of it , which 
ſeems to be the very middle of the blunt end, in which, not only the co- 
nical body of the Baſis CC is terminated, but as many of the parts of the 
drop as reach as high as DD. 

And it ſcemed to be the head or beginning of a Pith, as it were, or a 
a part of the body which ſeemed more ſpungy thenthe reſt, and much 
more 1rregularly flawed, which from T aſcended by EE, though leſs vi- 
fible, intothe ſmall neck towards A. The Grain, asit were, of all the 
flaws , that from all the outward Surface ADC CD A, was much the 
ſame,as is repreſented by the black ſtrokes that meet inthe middle DT, 
DT, DE,DE, exe. | 

Nor 
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Nor is this kind of Grain, asT may call it, peculiar to Glaſs drops thus 
quenched ; for ( not to mention Caperas-ſtoxes, and divers other Mar- 
chaſites and Minerals , which I have often taken notice of to be in the 
very ſame manner flaked or grained, with a kind of Pith in the middle ) 
| Thave obſerved the ſame in all manner of caſt Iron , eſpecially the coar- 

ſer ſort, ſuch as Stoves, and Furnaces, and Backs, and Pots are made of : 
For upon the breaking of any of thoſe Subſtances it is obvious to ob- 
ſerve, how from the out-{ides towards the middle; there is a kind of 
Radiation or Grain much reſembling this of the Glaſs-drop; but this 
Grain is moſt conſpicuous in Tron-bullets , if they bebroken : the ſame 
Phenomena may be produced by caſting regulus of Antimony into 
a Bullet-mold, as alſo with Glaſs of Antimony, or with almoſt any ſuch 
kind of Yitrified ſubſtance, either caſt into a cold Mold or poured jnto 
Water. 

Others of theſe Drops I heat red hot in the fire,and then ſuffered them 
to cool by degrees. And theſe I found to have quite loſt all their fulmi- 
ating or flying quality, as alſo their hard, brittle and ſpringy texture 5 
and to emerge of a much ſofter temper, and much eaſter to be broken or 
ſnapt with ones finger:;but its ſtrong and brittle quality was quite deſtroy- 
ed, and it ſeemed much of the ſame confiſtence with other green Glaſs 
well nealed in the Oven. 

The Figure and bigneſs of theſe for the moſt part was the ſame with 
that of the Figure Z ; that is,all the ſurface of them was very ſmooth and 
poliſht,and for the moſt part round, but very rugged or knobbed about 
D, andall the length of the ſtem was here and there pitted or flatted, 
About D, which is at the upper part of the drop under that ſide of the 
ſtem which is concave, there uſually was made ſome one or more little 
Hillocks or Prominences. The drop it ſelf, before it be broken, appears 
very tranſparent, and towards the middle of it; to be very full of ſmall 
Bubbles, of ſome kind of aerial ſubſtance, which by the reffattin of the 
outward ſurface appear much bigger then really they are; and this may 
be in good part removed, by putting the drop under the ſurface of clear 
Water, for by that means moft part of the retraction of the convex Sar- 
face of the drop is deſtroyed, and the bubbles will appear much ſmaller. 
And this, by the by. minds me of the appearing magnitude of the aper- 
ture of the iris, or pupil of the eye, which though it appear, and be there- 
fore judged very large, is yet not above a quarter of the bignels it ap- 
pears of, by the /erticular retraftion of the Cornea. | 

The cauſe of all which Phenomena Iimagine to be no other then this, 
That the Parts of the Glaſs being by the exceflive heat of the fire kept 
off and ſeparated one from another, and thereby pur into a kind of {Jug- 
oiſh fluid conſiſtence, are ſuffered to drop oft with that heat or agitation 
remaining in them, into cold Water; by which means the outſides of the 
drop are preſently cool'd and cruſted , and are thereby made of a looſe 
texture, becauſe the parts of it have not time to ſettle themſelves leiſurely 
together , and foto lie very cloſe together : And the innermoſt parts of 


the drop, retaining ſtill much of their former heat and agttations, __ 
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of a looſe texture alſo,and,according asthe cold ftrikes inwards from the 
bottom and ſides, are quenched, asit were, and made rigid 1n that very 
poſture wherein the cold finds them. For the partsof the.cruſt being 
already hardened , will not ſuffer the parts toſbrink any more from the 
outward Surface inward 3 and though it ſhrink a little by reaſon of the 
ſmall parcels of fome Aerial ſubſtances diſperſed through the matter of 
the Glaſs, yet that isnot neer ſo much as it appears (* as I juſt now hint- 
ed 5) norif it were, would it be ſufficient forto conſolidate and condenſe 
the body of Glaſs into a tf and cloſe texture, after it had been fo ex- 
ceſlively rarified by the heat of the glaſs-Furnace. 

But that there may be ſuch an expanſion of the aerial ſubſtance con- 
tained in thoſe little blebbs or bubbles in the body of the drop, this fol- 
lowing Experiment will make moreevident. 


 Takeaſmall Glaſs-Cane about a foot long , ſeal up one end of it her- 
metically,then put in a very {mall bubble of Glaſs, almoſt of the ſhape of 
an Eflence-viol with the open mouth towards the ſealed end,, then draw 


.out the other end of the Pipe very {mall,and fill the whole Cylinder with 


water, then ſet this Tube by the Fire till the Water begin to boyl, and 
the Air in the bubble be in good part rarified and driven out , then by 
ſucking atthe ſmalling Pipe, more of the Air or vapours in the bubble 
may be fuck'd out, fo that it may link tothe bottom 3 when it is ſunk to 
the bottom.jn the flame of a Candle,or Lamp,nip up the ſlender Pipe and 
let it cool : whereupon it is obvious to obſerve, firſt, that the Water by 
degrees will ſubſide and ſhrink into much leſs room : Next, that the Air 
or vapours in the Glaſs will expand themſelves ſo, as to buoy upthe little 
Glaſs: Thirdly. that all about the inſide of the Glaſs-pipe there will ap- 
pear an infinite number of {mall bubbles, which as the Water grows colder 
and colder will {well bigger and bigger, and many of them buoy them- 
{Ives up and break at the top. 

From this Diſceding of the heat in Glaſs drops,that is, by the quenching 


or cooling Irradiations propagated trom the Surface upwards and in- 


wards, by the lines CT, CT, DT, DE, ©. the bubbles inthe drop 
have room to expand themſelves a little, and the parts of the Glaſs con- 
tratt themſelves; but this operation being too quick for the {luggiſh parts 
of the Glaſs, the contraction is pertormed very uncqually and irregularly, 
and thereby the Particles of the Glaſs are bent, ſome one way, and ſome 
another, yet ſoas that moſt of them draw towards the Pithor middlc 
TEEE, or rather from that outward : ſo that they cannot extricate or 
unbend themſelves, till ſome part of T EE E be broken and looſencd, 
tor all the parts about that are placed inthe manner of an Arch, and fo 
till their hold at T EE E be looſened they cannot fly afunder, bur up- 
hold, and ſhelter, and tix eack other much like the ſtones in a Vault, 
where each ſtone does concurre to the ſtability of the whole Fabrick, 
and no one ſtone can be taken away but the whole Arch falls. And where- 
foever any of thoſe radiating wedges DT D, e*c. are removed, which 
are the component parts of this Arch,the whoke Fabrick preſently falls to 
| PIECC*: \ 
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pleces3; for all the Springsof the ſeveral parts are ſet at liberty, which 
immediately extricate themſelves and tly aſunder every way ; each part 
by its {ering cootriPurmg to the darting of it {elf and ſome other contigu- 
ous part. But if this drop be heat fo hot as that the parts by degrees can 
unbend themſelves, and be ſ{cttled and annealed in that polture, and be 
then ſuffered gently to ſublide and cool; The parts by this nealing le- 
lang their ſpringineſs , conſtitute a drop of a more1oft but leſs brittle tex- 
turc,and the parts being not at all under a flexure, though any part of the 
middle or Pith TEE E be broken, yet will not the drop at all fly to pieces 
as before. 

This Conjecture of mine I ſhall indeavour to make out by explain- 
ing ny particular Aflertion with aralogous Experiments : The Afdertions 
are theſe. 


Firſt , That the parts of the Glaſs, whilſt in a fluid Conſiſtence and 
hot , are more rarified, or take up more room, then when hard and 
cold. | | 
Secondly , That the parts of the drop do ſuffer a twofold contra- 
Crion- 

Thirdly , That the dropping orquenching the glowing metal inthe 
Water makes, t of a hard, ſpringing, and rarified texture. 

Fourthly , That there 1s a ftexion or force remaining upon the parts 
of the Glaſs thus quenched, from which they indeavour to extricate 
themſelves. 

Fifthly, That the Fabrick of the drop, that is able to hinder the parts 
from extricating themſelves, is arza/ogws to that of an Arch. 

Sixthly, That the ſudden flying alunder of the parts proceeds from 
their ſpringineſs. 

Seventhly, That a gradual heating and cooling does anneal or reduce 
the parts of Glaſstoa texture that is more looſe, and ealilier tobe bro- 
ken, but not 1o brittle. 


That the firſt of theſe is true may be gathered fron this, That Heat #s 

a property of a body ariſing from the motion or agitation of its parts 3 and 
therefore whatever body is thercby toucht muit neceſſarily receive ſome 
part of that motion.whereby its parts will be ſhaken and agitated, and fo 
by degrees free and extricate themſelves from one another , and each 
part ſo moved does by that motion exert a conatas of protruding and dil- 
lacing all the adjacent Particles. - Thus Air included ina vetlel, by be- 
ing heated will burſt it to pieces. Thus haveI broke a Bladder held 
over the fire in my hand, with ſuch a violence and noiſe , that it almoſt 
made me deaf for the preſent,and much ſurpaſicd the noite of a Musket: 
The like have I done by throwing into the fire (mall glaſs Bubbles her- 
metically ſealed , witha little drop of Water included in them. Thus 
Water alſo,or any other Liquor,included in a convenient vellel,by being 
warmed , maniteſtly expands ir ſelf with a very great violence, fo asto 
break the {trongeſt veilel, if when heated it be narrowly impriſoned in It. 
This 
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This is very manifeſt by the ſealed Thermometers, which I have; by ſeve. 
ral tryals, ac laſt brought to a great certainty and tenderneſs : for Þ have 
made ſome with ſtems above four foot long , in which the expanding Li- 
quor would ſo far vary,as to be very neer the very top ih the heat of Sum< 
mer, and prety neer the bottom at the coldeſt time of the Winter. The 
Stems I uſe for them are very thick,ſtraight,and even Pipes of Glaſs, with 
a very ſmall perforation, and both the head and body I have made on 
purpoſe at the Glaſs-houſe, of the ſame metal whereof the Pipes are 
drawn: theſe I can eaſily in the flame of a Lamp, urged with the blaſt of 
a pair of Bellows, ſeal and cloſe together, ſo as to remain very firm, cloſe 
and even; by this means I joyn on the body fir{t,and then fill both it and 
a part of the ſtem, proportionate to the length of the ſtem and the 
warmth of the ſeaſon I fill it in, with the beſt rectified Spirit of Wine high- 
ly ting d with the lovely colour of Cocheneel, which @ vn gin the more 
by pouring ſome drops of common &pirit of Urine, which muſt not be 
too well rectified , becauſe it will be apt to make the Liquor to curdle 
and ſtick in the ſmall perforation of the ſtem. This LiquorThave upon 
tryal found the moſt tender of any ſpirituous Liquor,and thoſe are much 
more ſenfibly affected with the variations of heat and cold then other more 
flegmatick and ponderous Liquors, and as capable of receiving a deep 
tincture, and keeping it,as any Liquor whatſoever; and (.which makes 
it yet more acceptable ) is not ſubje&t to be frozen by any cold yet 
known: When [I have thus filled it,I can very eaſily in the foremention- 
ed flame of a Lamp feal and joyn on the head of it. 

Then, for graduating the ſtem, I fix that for the beginning of my di- 
viſion where the ſurface of the liquor in the ſtem remains when the 
ball is placed in common diſtilled water, that is ſo cold that it juſt begins 
to freeze and ſhoot into flakes; and that mark I fix at a convenient place 
of the ſtem, to make it capable of exhibiting very many degrees of cold, 
below that which is requiſite to freeze water : the reſt of my diviſions, 
both above and below this (which I mark with a ©] or nought) I place 
according to the Degrees of Expanſion, or Contration of the Liquor in 
proportion to the bulk it had when it indur'd the newly mention'd freez- 
ing cold. And this may be very eaſily and accurately enough done by 
this following way ; Prepare a Cylindrical veſlel of very thin plate Braſs 
or Silver, AB CD of the figure Z; the Diameter AB of whoſe cavity 
let be about two inches, and the depth B C the ſame; let each end be 
cover'd with a flat and ſmooth plate of the fame ſubſtance, cloſely ſoder'd 
on, and in the midſt of the upper cover make a pretty large hole E F, 
about the bigneſs of a fifth part of the Diameter of the other ; into this 
faſten very well with cement a ſtraight and even Cylindrical pipe of Glaſs, 
EF GH, the Diameter of whoſe cavity let be exactly one tenth of the 
Diameter of the greater Cylinder. Let this pipe be mark'd at GH with 
a Diamant, fo that G from E may be diſtant juſt two inches, or the ſame 
height with that of the cavity of the greater Cylinder, then divide the 
length E G exaGly into 10 parts, fo the capacity of the hollow of each 


of theſe diviſions will be ;;; part of the capacity of the greater Cylin- 
dcr. 
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der. This veſſel being thus prepared, the way of marking and pradu- 
ating the Thermometers may be very eafily thus performed : - | 

Fill this Cylindrical veſſel with the fame liquor wherewith: the They= 
#ometers are filld, then place bothit and the Thermometer you are to 
graduate, in water that is ready to be frozen, and bring the ſurface of the 
liquor in the Thermometer to the firſt marke or [0]; then ſo proportion 
the liquor in the Cylindrical veſlel, that the ſurface of it may juſt be at 
the lower end of the ſmall glaſs-Cylinder ; then very gently and gradu- 
ally warm the water in which both the Thermometer and this Cylindrical 
veſſel ſtand, and as you percelve the ting'd liquor to riſe in both ſtems; 
with the point of -a Diamond give ſeveral marks on the ſtem of the Ther- 
mometer at thoſe places, which by comparing the expanſion in both 
Stems, arc found to correſpond to the diviſions of the cylindrical veſſel, 
and having by this means marked ſome few of theſe diviſions on the 
Stem , it will be very eaſje by theſe to mark all the reſt of the Stem; 
and accordingly to aſſign to every diviſion a proper character. 

A Thermometer , thus marked and prepared, will be the fitteſt Inſtru- 
ment to make a Standard of heat and cold that can be imagined. For 
being ſealed up, it 1s not at all ſubject to variation or waſting, nor is it lia- 
ble ta be changed by the varying preſſure of the Air , which all other 
kind of Thermometers that are open to the Air are liable to. But topro- 
ceed. | 

This property of Expanſion with Heat, and ContraGtion with Cold, is 
not peculiar to Liquors only, but to all kind of ſolid Bodies alfo, efpect- 
ally Metals, which will more manifeſtly appear by this Experiment. 

Take the Barrel of a Stopcock of Braſs, and let the Key, which is well 
fitted to it,be riveted into it,fo that it may {hp,and be eaſily turned round, 
then heat this Cock in the fire, and you will find the Key ſo ſwollen, that 
you willnot beable to turn it round in the Barrel ; but if it be ſuffered 
to cool again, as ſoon as it is cold it will be as movable, and as caſte to be 
turned as before. 

This Quality is alſo very obſervable in Lead, Tir, Silver, Artimony, 
Pitch,Roſir,Bees-wax,Butter,and the like; all which,if after they be melte 
you ſuffer gently to coo], you ſhall find the parts of the upper Surface 
to ſubſide and fall inwards, tofing that plumpneſs and ſmoothneſs it had 
whilſt in fuſjoh. The like I have alſo obſerved in the cooling of Glaſs 
of Antimony, which does very neer approach the nature of Glaſs, 

But becauſe theſe are all Examples taken from othet materials then 
Glaſs,and argue only, that poflibly there may be the like property alfo in 
Glaſs, not that really there is ; we ſhall by three or four Experiments in- 
deavour to manifeſt that alſo; 

And the Firſt is an Obſervation that is very obvious evenin theſe very 
drops,to wit,that they are all of them terminated with an unequal or ir- 
regular Surface , eſpecially about the ſmaller part of the drop, and the 
whole length of the ſtem 3 as about D, and from thence to A, the whole 
Surface, which would have been round if the drop had cool'd leiſurely, 
is, by being quenched haftily,very irregularly flatted and pitted 3 — 
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ſuppoſe proceeds partly from the Waters unequally cooling and pref: 
wn nk of the ky and partly from the Git conratiog or ſubſi- 
ding quality of the ſubſtance of the Glaſs: For the vehemency of the 
heat of the drop cauſes ſuch ſudden motionsand bubbles in the cold Wa- 
ter,that ſome parts of the Water bear more forcibly againſt one 200 then 
againſt another , and conſequently do more ſuddenly cool thole parts to 


. which they are contiguous. 


A Second Argument may be drawn from the Experiment of cutting 


Glaſſes with a hot Iron. For in that Experiment the top of the Iron 


heats, and thereby rarifies the parts of the Glaſs that lie juſt before the 
crack , whence each of thoſe agitated parts indeavouring to expand its 
ſelf and get elbow-room, thruſts off all the reſt of the contiguous parts, 
and conſequently promotes the crack that was before begun. 

A Third Argument may be drawn from the way of producing a crack 


in a ſound piece or plate of Glaſs, which is done two wayes, either Firſt, 


by ſuddenly heating a piece of Glaſs in one place more then in another, 
And by this means Chymiſts uſually cut off the necks of Glaſs-bodies, 
by two kindsof Inſtruments, either by a glowing hot round Iron-Ring, 
which juſt incompaſies the place thar is to be cut, orclſe by a S»lphur 4 
Threed,which is often wound about the place where the ſeparation is to 
be made,and then fired. Or Secondly,A Glaſs may be cracked by cooling 
it ſuddenly in any place with Water, or the like, after it has been all let- 
ſurely and gradually heated very hot. Both which Phenomena ſeem ma- 
niteſtly to proceed from the exparſtor and contraction of the parts of 


the Glaſs, which is alſo made more probable by this circumſtance which 


[ have obſerved , that a piece of common window-glals being heated in 


the middle very ſuddenly with a live Coal or hot Iron,does uually at the 
firſt crack fall into pieces,whereas if the Plate has been gradually heated 
very hot, and a drop of cold Water and the like be you on the mid- 


dle of it, it only flaws it, but docs not break it aſunder immedi- 


ately. 

A Fourth Argument may be drawn from this Experiment ; Take a 
Glaſs-pipe, and fit into it a folid ſtick of Glaſs, fo as it will but juſt be mo- 
vedin it. Then by degrecs heat them whilſt they are one within ano- 
ther,and they will grow {tificr, but when they are again cold,they will be 
ascalie to be turned as before. This Expanſion of Glaſs 1s more mani- 
feſt in this Experiment. 

Take a ſtick of Glaſs of a conſiderable length,and fit it ſo between the 
twoends or ſcrews of a Lath,that it may bur juſt eaſily turn,and that the 
very ends of it may be juſt touchtand faſteined thereby ; then applying 
the flame of the Candle to the middle of it, and heating it hot, you will 
preſently find the Glaſs to ſtick very faſt on thoſe points, and not without 
much difficulty to be convertible on them, before that by removing the 


flame for a while from it, it be ſuffered to cool, anden y ou will find it 


as calie to be turned round as at the firſt. 
Fromall which Experiments it is very evident, that all thoſe Bodies. 


and particularly Glaſs, ſuffers an Expanſjon by Heat, and that a very con- 
{derablc 
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ſiderable one,whilſt they arein a ſtate of Fulton. For Fluidity,as I clewhere 
mention, bcing nothing but an effe@ of a very ſtrong and quick ſhaking wotion, 
whereby the parts are,as it were,looſened from each other,and conſequently heave 
an interjacent ſpace or vacnity; it tollows, that all thoſe ſhaken Particles muſt 
neceſſarily take up much more room then when they were at reſt, and lay 
quietly upon each other. And this is further confirmed by a Pot of boyling 
Alabaſter, which will manifeſtly riſe a fixth.or eighth part higher ia the Pot, 
whilſt it is boyling, then it will remain at, both before and after it be boy]- 
ed.The reaſon of which odd Phenomenon (to hintit here only by the way) 
is this, that there is in the curious powder of Alabaſter, and othercalcining 
Stones, a certain watery ſubſtance , which is fo faxt and included with the 
folid Particles. that till the heat be very conſiderable they will not fiy aways 
but after the heat is increaſed to ſuch a degree, they break out EVELy Wa 

in vapours, and thereby ſo ſhake and looſen the ſmall corputles of the Pow- 
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der from each other, that they become perfectly of the nature of a fluid bo- © 


dy, and one may move a ſtick to and fro through it, and ſtir it as eaſily as 
water, and the vapours burſt and break out in bubbles juſt as in boyling 
water,and the like z whereas, both before thoſe watery parts are flying 
away, and after they are quite gone ; that is, before aa after it have done 


boyling.all thoſe efteCts ceaſe, and a {tick is as difficultly moved to and fro 


in it asinſand, or the like. Which Explication I could eaſily prove, had I 
time 3 but this is not a fit place for it. 
To proceed therefore, I ſay,that the dropping of this expanded Body in- 


to cold Water, does make the parts of the Glaſs ſuffer a double contraction : 


The firſt is, of thoſe parts which are neer the Surface of the Drop. For Cold, 
as I ſaid before,contraCting Bodies, that is,by the abatement of the agitating fa- 
ralty the parts falling neerer together; the parts next adjoying to the Water 
muſt needs loſe much of their motion , and impart it to the Ambient-water 
(which the Ebullition and commotion of it manifeſts) and thereby become 
a ſolid and hard cruſt, whilſt the innermoſt parts remain yet fluid and ex- 
panded; whence,as they grow cold alſo by degrees,their parts muſt neceſſa- 
rily be left at liberty to be condenſed , but becauſe of the hardneſs of the 
outward cruſt,the contraftion cannot be admitted that way;but there being 
many very ſmall, and before inconſpicuous, bubbles in the ſubſtance of the 
Glaſs,upon the ſubſiding of the parts of the Glaſs,the agil ſubſtance contain» 
ed inthem has liberty of expanding it ſelfa little,and thereby thoſe bubbles 
row much bigger,which is the ſecond Contraction, And both theſe are con- 
ed from the appearance of the Drop it ſelf: for as fur the outward parts, 
we ſce,firſt,that it 1s irregular and ſhrunk, as it were, which is cauſed by the 
yielding a little of the hardened Skin to a Contraction, after the very out- 
molt Surface is ſettled 3 and as for the internal parts, one may with ones 
naked Eye perceive abundance of very conſpicuous bubbles, and with the 
Microſcope many more. 
The Conſideration of which Particulars will eafily make the Third Poſiti- 
on probable,that is,that the parts of the drop will be of a very hard, though 
of ararified Texture ; for if the outward parts of the Drop, by reaſon of its 


hard cruſt, will indure very little Contraction, and the agil Particles, _ 
E 
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ded in thoſe bubbles, by the loſing of their agitation, by thedecreaſe of the 
Heat, loſe alſo moſt part of their Spring and Expanſive power:lt follows (the 
withdrawing of the heat being very ſudden) that the parts muſt be left in a 
very looſe Texture, and by reaſon of the implication of the parts one about 
another,which from their {luggiſhnes and glutinouſneſs I ſuppoſe tobe much 
after the manner of the ſticks in a Thorn-buſh,or a Lock of WoolzIt will fol- 
low, I ſay, that the parts will hold each other very aongyey together,and in- 
deavyour to draw each other neerer together, and conſequently their Tex- 
ture muſt be very hard and ſtiff, but very much raritied, 

And this will make probable my next Poſition, That the parts of the Glaſs 
are under a kind of tenſion or flexure,out of which they indeavour to extricate and 
free themſelves,and thereby all the parts draw towards the Center or middle, | 
and would. if the outward parts would give way, as they do when the out- - | 
ward parts cool leiſurely (as in baking of Glaſles) contract the bulk of the | 
drop into a much lefs compaſs. For fince.asI proved betore,the Internal parts 
of the drop, when fluid, were of a very rarifticd Texture.and,as it were,tos'd 
open like a Lock of Wool,and if they were ſuffered leiſurely to cool, would 
be again preſt, as it were,cloſe together: And ſince that the heat,which kept 
them bended and open, is removed , and yet the parts not ſuffered to get as 
neer together asthey naturally would; It follows,that the Particles remain 
under a kind of texſio and flexure , and conſequently have an indeavour to 
free themſelves from that bending and diſtenſior, which they do, as ſoon as 
either the tip bebroken, or as ſoon as by a leiſurely heating and cooling, 
the parts are nealed into another poſture. 

And this will make my next Poſition probable,that the parts of theGlaſs drops 
are contignated together in the form of an Arch,and cannot any where yield or 
be drawn inwards,till by the removing of ſome one part of it{as it happens in 
the removing one of the ſtones of an Arch)the whole Fabrick is ſhatter d,and 
falls to pieces,and each of the Springs is left at liberty,ſuddenly to extricate it 
ſelf: for finceI have made it probable,that the internal parts of the Glaſs have 
a contraCtive power inwards, and the external parts are incapable of ſuch a 
ContraCtion.,and the figure of it being ſpherical;it follows,that the ſuperticial 
parts muſt bear againſt each other , and keep one another from being con- 
dens d into aleſs room, in the ſame manner as the ſtones of an Arch conduce 
to the upholding each other in that Figure. And this is made more probable 
by another Experiment which was communicated to me by an excellent Per- 
ſon,whoſe extraordinary Abilities in all kind of Knowledg, eſpecially in that 
of Natural things,and his generous Diſpoſition in communicating,incouraged 
me to have recourſe to him on many occaſions. The Experiment was this : 
Small Glaſs-balls ( about the bigneſs of that repreſented in the Figxre &-.) 
would,upon rubbing or ſcratching the inward Surface, fly all inſunder, with 
a pretty brisk noiſe 3 whereas neither before nor after the inner Surface had 
been thus ſcratcht, did there appear any flaw or crack. And putting the pic- 
cesof one of thoſe broken ones together again, the flaws appeared much 
after the manner cf the black lines on the F 1oure, &*. Theſe Balls were ſmall, 
but exceeding thick bubbles of Glaſs, which being crack'd off from the 


Pavtilion whillt very hot , and ſo ſuffered to cool without nealing them in 
| tine 
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the Oven over the Furnace, do thereby ( being made of white-Glaſs, 
which cools much quicker then green Glaſs, and isthereby made much 
brittler.) acquirea very poroxs and very brittle textxre : ſo that if with 
the point of a Needle or Bodkin, the inſide of any of them be rubbed 
rety hard, and then laid ona Table, it will, within a very little while, 
Lek into many pieces with a brisk noiſe, and throw the parts.aboye a 
ſpan aſunder on the 'Table: Now though the pieces are not ſo ſmall as 
thoſe of a fulminating drop, yet they as _ ſhew, that the outward 
parts of the Glaſs have a great Conatxs to fly aſunder,were they.not held 
together by the tcxacity of the parts of the inward Surface : for. we ſee 
as ſoon as thoſe parts are crazed by hard rubbing, and thereby their tena- 
city ſpoiled, the ſpringineſs of the more outward parts quickly makes a 
divulſion, and the broken pieces will, if the concave Surface of them be 
further ſcratcht with a Diatnond, fly again into ſmaller pieces. _ 
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From which | RO con(iderations it will follow Sixthly , Thatthe 


ſudden flying aſunder of the parts as ſoon as this Arch is any where difor- 
dered or broken, proceeds from the ſpringing of the parts; which ,indea- 
vouring to extricate themſelves as ſoon as they get the liberty , they per- 
form it with ſuch a quickneſs, that they throw one another away with very 
great violence - for the Particles that compole the Cruſt have a Conatus 
tolye further from one another,and therefore as ſoon as the external parts 
are looſened they dart themſelves outward with great violence, juſt as fo 
many Springs would do, if they were detained and faſtened to the body, 
as ſoon as they ſhould be ſuddenly looſened; and the internal parts draw- 
ing inward, they contract ſo violently. that they rebound buck againand 
fly into multitude of ſmall ſhiversor ſands. Now though they appear 
not, either to the naked Eye, or the Microſcope, yet Iam very apt to think 
there may be abundance of ſmall flaws or cracks , which , by reaſon the 
ſtrong refleCting Air is not got between the contiguous parts, appear not. 
And that this may be ſo, I argue from this , that I have very often been 
able to make a crack or flaw, in ſome convenient pieces of Glaſs,to appear 
and diſappear at pleaſure, according as by prefiing together, or pulling 
aſunder the contiguous parts, Iexcluded or admitted the ſtrong refle&t- 
ing Air between the parts : And it is very probable, that there may be 
ſome Body. that is cither very rarified Air, or ſomething azalogoxs to it, 
which fills the bubbles of theſe drops 3 which I argue, fir(t, from the round- 
neſs of them, and next, from the vivid reflection of Light which they ex- 
hibite : Now though I doubt not , but that the Air in them is very much 
rarified,yet that there is ſome in them, to ſuch as well conſider this Expe- 
riment of the diſappearing of a crack upon the extrading of the Air , I 
ſuppoſe it will ſeem more then probable. 

The Seventh and laſt therefore that I ſhall prove, is, That the gradual 
heating and cooling of theſe ſo extended bodies does reduce the parts of the 
Glaſs to a looſer and ſofter temper. And this I found by heating them, and 
keeping them for a prety while very red hot in a fire; for thereby I found 
them to grow a little lighter , and the ſmall Stems to be very ealily bro- 


kenand ſnapt any where , without at all making the drop ily; whereas 
BH 1 before 
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beforethey were fo exceeding hard,that they conld not be broken with- 
out bales Bent: and a their mad» the whole drop would 
fly in pieces with very great violence. The Reaſon of which laſt ſeems 
to be , that the leifurely heating and cooling of the parts doesnot only 
waſt ſome part of the Glaſs it ſelf , but ranges all the parts into a better 
order, and gives each Particle an opportunity of relaxing its ſelf, and 
conſequently neither will the parts hold ſo ſtrongly together as before, 
nor be ſo difficult to be broken : The parts now more eafily yielding, 
nor will the other parts fly in pieces , becauſe the parts have no bended 
Springs. The relaxation alſo in the temper of hardned Steel, and ham- 
= Metals. by nealing them in the fire,ſcems to proceed from much the 
ſame cauſe. For both by quenching ſuddenly fuch Metals as have vitr;- 

d' parts interſpers'd, as Steel has,and by hammering of other kinds that 
do not ſo much abound with them, as Silver, Braſs, cc. the parts are put 
into and detained in a bended poſture , which by the agitation of Heat 
are ſhaken, and looſened, and ſuffered tounbend themſelves. 


—_— —— 


Obſerv. VIII. Of the fiery Sparks flruck from a Flint or 
Steel, 


Steel,to make certain fiery and ſhining Sparks to fly out from between 
ofe two compreſſing Bodies. About eight yearsfince , upon caſually 
reading the Explication of this odd Phearomenor, by the moſt Ingenious 
Des Cartes, Thad agreatdefire to be ſatisfied , what that Subſtance was 
that gave ſuch a _ and bright Light : And to that endI ſpread a 
ſheer of white Paper,and on it, obſerving the ow where ſeveral of theſe 
Sparks ſeemed to vaniſh, I found certain very ſmall, black, bur gliſtering 
Spots of a movable Subſtance, each of which examining with my A5ſcro- 
cope,l found to be a ſmall round Globule ; ſome of which, as they looked 

prety ſmal], ſo did they from their Surface yield a very bright and ſtron 
reflection on that ſide which was next the Light; and each look'd as 
like a prety bright Iron-Ball, whoſe Surface was prety regular, ſuch asis 
repreſented by the Figure A. In thisI could perceive the Image of the 
Window prety well, or of a Stick, which I moved up and down between 
the Light and it. Others I found, which were, as to the bulk of the Ball, 
rety regularly round, but the Surface of them,as it was not very ſmooth, 
ut rou or more irregular, ſo was the refle@ion from it more faint and 
confuſed. Such were the Surfaces of B. C. D. and E. Some of theſel 
found cleft or cracked, asC, others quite broken in two and hollow, as 
D. which ſeemed to be half the hollow ſhell of a Granado, broken irre- 
gularly in pieces. Several others I found of other ſhapes ; but that 
whith is repreſented by E, I obſerved to be a very big Spark of Fire, 
which went out upon one fide of the FlintthatI ſtruck fire withal!l, to 
which 


| is a very common Experiment , by ſtriking with a Flint againſt a 
th 
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which it tuck by the roat F, at the end of which ſmal} Stem was faſten- 
ed-on a Hemiſphere, or half a hollow Ball,with the mouth of it open from 
the ſtemwards, fo that it looked much like a Funnel], oy an old faſhioned 
Bow! without a foot... This night, making many tryatls and obfervations 
of this Experiment,] met,among a multitude of the Globular ones which - 
E had obſerved, a couple of Inftances, which are very remarkable to the 
confirmation of my Hypotheſis, I 

And the Firſt was of a pretty big Ball faſtened on to the end of a fmall 
fliver of Iron,which Compobtiru leemed to be nothing elfe but a long thin 
chip of Iron,one of whole ends was melted into a fmall round Globulzthe 
other end remaining unmelted and irregular, and perfedtly Iron. 

The Second Inſtance was not leſs remarkable then the Firſt; for I 
found, when a Spark went out, nothing but a very ſmall thin long (liver 
of Iron or Steel, unmelted at either end. So that it ſeems, that fome of 
theſe Sparks are the fjivers or chips of the Iron vitrified , Others are on- 
ly the flivers melted into Balls without vitrification, And the third kind 
are only ſmall flivers of theIron, made red-hot with the violence of the 
ſtroke given on the Steel by the Flint. 

He that ſhall diligently examine the Pheromena of this Experiiment, 
will, I doubt not, find cauſe to believe, that the reaſon I have heretofore 
given of it, 1s the true and ; mr cauſe of it, namely, That the Spark 
appearing ſo bright in the falling,js nothing elſe but a ſmall piece of the Steel 
or Flint, but moſt commonly of the Steel, which by the violence of the ftraks 
3 at the ſame time ſever'd and heatt red-hot , and that ſometimes to ſuch 4 
degree , as to make it melt together into a ſmall Globule of Steel 5 aud ſome+ 
times alſo is that heat ſo very intenſe, as further to melt it and vitrifie it but 
many times the heat is ſo gentle, as to be able to make the ſliver only red hot, 
which notwithſtanding falling upon the tinder (that is only a very curious 
ſmall Coal made of the ſmall threads of Linnen burnt to coals and 
char'd.) it eaſily ſets it ox fire. Nor will ary part of this Hypotheſis ſeem 
ſtrange to him that conſiders, Firſt, that either hammering, or filing, or 
otherwiſe violently rubbing of Steel, will prefently make it ſo hot as to 
be able to burn ones fingers. Next, that the whole force of the ſtroke 
1s exerted upon that ſmall part where the Flint and Steel firſt touch i For 
the Bodies being each of them ſo very hard , the puls cannot be far comy 
municated, that is, the parts of each can yield but very little, and there* 
fore the violence of the concuſſion will be exerted on that piece of Steel 
which is cut off by the Flint. Thirdly , that the filings or (mall parts of 
Steel are very apt,as it were,to take fire, and are preſently red hot, that 
is,there ſeems to be a very combuſtible ſulphureous Body inlIron or Steel, 
which the Air very readily preys upon, as ſoon as the body is a little vie» 
lently heated. | 

And this is obvious in the filings of Steel or Iron caſt through the flame 
of a Candle ; for even by that ſudden trarſitus of the {mall chips of Iron, 
they are heat red hot, and that combuſtible ſulphureous Body is preſent- 
ly prey'd upon and devoured by the aereal incompaſiing Menſtrunm, 
whoſe office in this Particular I have ſhewn in the Explicationot —_ 
cole. 
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And in proſecution of this wy fern taken the filings of Tron 
and Steel.; and with the point of a Knife caſt them through the me of a 
Candle , I obſerved where ſome conſpicuous ſhimng Particles fell , and 
looking on them with my Aficroſcope , I found them to be nothing elſe 
but ſuch round Globules, asI formerly found the Sparks ſtruck from the 
Steel by a ſtroke to be, only a little bigger 3 and ſhaking together all the 
filings that had fallen upon the ſheet of Paper underneath, and obſerving 
them with the Microſcope. I found rs number of ſmall Globules, ſuch 
as the former, though there were alſo many of the parts that had remain- 
ed untoucht, and rough filings or chips of Iron. So that, it ſeems, Iron 
does contain a very ane ſulphureows Body, which is, in all likeli- 
hood. one of the cauſes of this Pheromeron , and which may be'perha ps 
very much concerned in the bulineſs of its hardening and tempering : of 
which ſomewhat is ſaid inthe Deſcription of Mnſcovy-glaſs. | 

_ So that, theſe things conſidered, we need not trouble our ſelves to find 
out what kind of Pores they are, both in the Flint and Steel, that contain 
the Atoms of fire, nor how thoſe Atoms come to be hindred from run- 
ning all out , when a dore or paſlage in their Pores is made by the con- 
cuſſion : nor need we trouble our ſelves to examine by what Promethens 
the Element of Fire comes to be fetcht down from above the Regions of 
the Air, .in what Cells or Boxes it 1s kept, and what Epimethens lets it go : 
Nor to confider what it is that cauſes ſo great a contlux of the atomical 
Particles of Fire.which are faid to fly to a flaming Body, like Vultures or 
Eagles toa putrifying Carcaſs, and there to make a very great pudder. 
Since we have nothing more difhcult in this Hypotheſes to conceive, firſt, 
asto the kindling of Tinder, then how a large Iron-bullet, let fall red or 
glowing hot upon a heap of Small-coal, ſhould ſet fire to thoſe that are 
next to it firſt : Nor ſecondly, is this laſt more difficult to be explicated, 
then that a Body, as Silver for Inſtance, put into a weak Menſtrunm, as 
unreCtified Aqua fortis thould , when it 1s put in a great heat, be there 
diſſolved by it, and not before 3 which Hypotheſes is more lar cly explica- 
ted in the Deſcription of Charcoal. To conclude, we be y this In- 
ſtance, how much Experiments may eonduce to the regulating of Philo- 
ſophical notions. For if the moſt Acute Des Cartes had applied himſelf 
experimentally to have examined what ſubſtance it was that cauſed that 
ſhining of the falling Sparks ſtruck from a Flint and a Steel, he would 
certainly havea little altered his Hypotheſis, and we ſhould have found, 
that his Ingenious Principles would have admitted a very plauſible Ex- 
plication of this Phenomenon; whereas by not examining fo far as he 
_— » he has ſet down an Explication which Experiment do's contra- 

ict. 


But before I leave this Deſcription, I muſt not forget to take notice of 
the Globular form into which each of theſe is moſt curiouſly formed. 
And this Phenomenon, as Thaveelſewhere more largely ſhewn, proceeds 
from a propriety which belongs to all kinds of fluid Bodies more or 
leſs,and 1s cauſed by the Incongruity of the Ambient and included Fluid, 


which fo atts and modulates each other, that they acquire , as neer as is 
poſbble, 
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Microcrarnia, 


poſſible, a ſperical or globular form, which propriety and ſeveral of the 
Phenomena that proceed from it, Ihave more fully explicated in the ſixth 
Obſervation. 

One Experiment, which does very much illuſtrate my preſent Explica- 
tion, and 15 in it felt execeding pretty, I muſt not paſs by : And that is a 
way of making ſmall Globes or Balls of Lead, or Tin, as ſmall almoſt as 
theſe of Iron or Steel, and that exceeding eaſily and quickly, by turning 
the filings or chips of thoſe Metals alſo into perfe&ly round Globwles. 
The way, in ſhort,as I received it from the Learned Phyſitian Do@or I. G; 
1s this; | 

Reduce the Metal you would thus ſhape, into exceeding fine-filings, 
the finer the filings are, the finer will the Balls be : Stratifie theſe filings 
with the fine and well dryed powder of quick Lime in a Crucible propor- 
tioned to the quantity you intend to make : When you have thus filled 
your Crucible, by continual ſtratifications of the filings and powder, fo 
that.as neer as may be, no one of the filings may touch another, place the 
Crucible in a gradial fire , and by degrees let it be brought to a heat big 
enough to make all the filings, that are mixt with the quick Lime,to melt, 
and no more; for it the fire be too hot , many of theſe filings will joyn 
and run together ; whereas if the heat be proportioned , upon waſhin 
the Lime-duſt in fair Water, all thoſe ſmall filings of the Metal will fub- 
ſide to the bottom in a moſt curious powder , conſiſting all of exattly 
round Globules, which, it it be very fine, is very excellent to make Hour- 
glaſſes of. 3B 

Now though quick Lime be the powder that this direction makes 
choice of, yetI doubt not, but that there may be much more convenient 
ones found out, one of which have made tryal of, and tound very effe- 
ctual 3 and were it not for diſcovering, by the mentioning of it, another 
Secret, which I am not free to impart, I ſhould have here inſerted 
It, 


[> SEIETY — 
- 


Obſerv. IX. Of the Colours obſervable in Muſcovy Glaſs, and 
other thin Bodles, 


REFEREE Lapis ſpecularis,is a Body that ſeems to have as ma- 
ny Curioſities in its Fabrick as any common Mineral I have met 
with : for firſt , It is tranſparent to a great thickneſs : Next, 1t 1s com- 
pounded of an infinite number of thin flakes joyned or generated one 
upon another ſo cloſe & ſmooth,as with many hundreds of them to make 
one ſmooth and thin Plate of a tranſparent flexible ſubſtance,which with 
care and diligence may be lit into pieces fo exceedingly thin as to be 
hardly perceivable by the eye, and yet even thoſe, which I have thought 
the thinneſt, have with a good Microſcope found to be made up of many 


other Plates, yet thinner 3 and it is probable, that, were our ta” 
muc 
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much better , we might much further diſcover its diviſibility. Nor are 

theſe flakes only regular as to the ſmoothneſs of their Surfaces3 but third- 

ly , In many Plates they may be perceived to be terminated naturally 

with edges of the figure of a Rhomboeid, This Figure is much more con- 

ſpicuous in our Engliſh talk, much whereof is found in the Lead Mines, 

and is commonly called Spar , and Kaxck,, which is of the ſame kind of 
ſubſtance with the 8clexitzs, but is ſeldom found in {o large flakes as that 

Is, nor isit altogether ſo tuff, but is much more clear and tranſparent,and 

much more curiouſly ſhaped , and yet may be cleft and flak'd like the o- 

ther Selenitis. But fourthly, this ſtone has a property, which in reſpe& 

of the Aficroſegpe, is more notable, and that is, that it exhibits ſeveral ap- 

pearances of Colours, both tothe naked Eye, but much more conſpicu- 

 - only to the Microſcope 3 for the exhibiting of which , I took a piece of 
Atujcovy-glaſs, and ſplitting or cleaving itinto thin Plates, I found that up 

and down 1n ſeveral parts of them [ could plainly perceive ſeveral white 

fpecks or flaws, and others diverſly coloured with all the Colours of the 

Rainbow ;, and with the croſcope I could perceive, that theſe Colours 

were ranged in rings that incompaſled the white ſpeck or flaw, and were 
round or irregular, according to the ſhape of the ſpot which they termi- 
nated ; and the poſition of Colours, in reſpect of one another, was the 

very ſameas in the Rainbow. The conſecution of thoſe Colours from the 

midale of the ſpot outward being Blew, Purple, Scarlet, Yellow, Green; 
Blew, Purple, Scarlet, and ſo onwards, ſometimes half a ſcore times re- 
peated.that is,there appeared ſ1x,ſeven,cight.nine or ten ſeveral coloured 
rings or lines, each incircling the other, in the ſame manner as I have of- 
ten ſeen a very vivid Rainbow to have four or five ſeveral Rings of Co- 
Jours, that is, accounting all the Gradations between Red and Blew for 
one : But the order of the Colours in theſe Rings was quite contrary to 
the primary or innermoſt Raizbow, and the ſame with thoſe of the ſecon- 
dary or outermoſt Rainbow ; theſe coloured Lines or riſes, as I may fo, 
call them, were ſome of them much brighter then others , and ſome of 
them alſo very much broader, they being ſome of them ten,twenty, nay, 
I believe, neer a hundred times broader then others; and thoſe uſually 
were broadiſh'which were necreſt the center or middle of the flaw. And 
oftentimes I found , that theſe Colours reacht to the very middle of the 
flaw, and then there appeared in the middle a very large ſpot, for the 
moſt part, all of one colour , which was very vivid . and all the other 
Colours incompaſling it, gradually aſcending, and growing narrower to- 
wards the edges, keeping the ſame order, as inthe ſecuzdary Rainbow, 

that is.if the middle were Blew, the next incompaſſing it would be a Pur- 
ple,the third a Red, the fourth a Yellow, &c. as above ; it the middle 
were a Red,the next without it would be a Yellow.the third a Green, the 

fourth a Blew,and ſo onward, And this order it alwayes kept whatſo- 

ever were the middle Colour. 

There was further obſervable in ſeveral other parts of this Body, ma- 
ny Lines or Threads,cach of them of forme one peculiar Colour, and thoſe 


ſoexceedingly bright and vivid , that itafforded a very pleaſant ob me 
through 
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through the Aicroſcope. Some of theſe threads I have obſerved; alfd to 
be pieced or made up of ſeveral ſhort lengths of differently. coloured 
ends ( as I may fo call them ) asa line appearing abour two inches ilong 
through the Microſcope , has been compounded of abgut half an inch of 
a Peach colour, # of a lovely Graſs-green, 2 of an inch more of a bright 
Scarlet,and the reſt of the line of a Watchet blew. Others of -them.were 
much otherwiſe coloured ; the variety being almoſt infinite. Another 
thing which is very. obſervable, is, that if you find any place where the 
colours are very broad and conſpicuous to the nakedeye, you may,. by 
preſling that place with your finger, make the colours change places,and 
go from one part to another. | aa 12-26, 

There is one Phenomenon more, which may, if care be uſed; exhi- 
bit to the beholder, as it has divers times tome, an exceeding pleaſant, 
and not leſs inſtructive SpeCtacle ; And that is, if curioſity _ Siivace 
be uſed , you may {o ſplit this admirable Subſtance , that you may have 
pretty large Plates ( in compariſon of thoſe ſmaller ones which you may 
obſerve inthe Rings) that are perhapsan 4 ora Z'part of aninch over, 
each of them appearing through the Aficroſcope moſt curioully, intirely, 
and uniformly adorned with ſome one vivid colour : this, if examined 
with the Aficroſcope , may be plainly perceived tobe in all parts of it e- 
qually thick. Two, three, or more of theſe lying one upon another, ex- 
hibit oftentimes curious compounded colours, which produce 'ſuch a 
Compoſitum , as one would ſcarce imagine ſhould be the reſult of ſuch zz- 
gredzents: As perhaps a faint yellow and a blew may produce a very decp 
purple. But when anon we come to the more {trict examination of theſs 
Phenomena, and to inquire into the cauſes and reaſonsof theſe produtti- 
ons, we ſhall,I hope, make it more conceivable how they are produced, 
and ſhew them to be no other then the natural and neceſlary effects ari- 
ſing from the peculiar union of concurrent cauſes. 

Theſe Phenomena being fo various, and fo truly admirable, it will cer- 
tainly be very well worth our inquiry, to examine the cauſes and reaſons 
of them,and to conſider, whether from theſe cauſes demonſtratively, evi- 
denced , may not be deduced the true cauſes of the production of all 
kind of Colours. And I therather now do it, inſtead of an Appens 
dix or Digreſſion to this Hiſtory, then upon the occaſion of examining 
the Colours in Peacocks, or other Feathers, becauſe this Subject , as It 
does afford more variety of particular Colours , fo does it afford much 
better wayes of examining each circumſtance. And. this will be made 
manifeſt to him that conſiders, firſt , that this laminated body is more 
Gmple and regular then the parts of Peacocks feathers, this conſiſting on- 
ly of an indefinite number of plain and fmooth Plates, heaped up, or - 
cambent on each other, Next, that the parts of this body are much mote 
manageable, to be divided or joyned, then the parts of a Peacocks fea- 
ther,or any other ſubſtance that T know. And thirdly, becauſe thar in this 
we areable froma colourleſs body to produce ſeveral coloured bodies, 
affording all the variety of Colours imaginable : And ſeveral others, 
which the ſubſequent Inquiry will make on 2 Hey | M 

| g 
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- To bepintherefore, it is manifeſt from ſeveral circumſtances, thar the 
waretial'cauſe of the apparition of theſe ſeveral Colours, is fome Lamina 
of Plate of a tranſparent or pelkicid body of a-thickneſs very determis 
natE#2d proportioned according to the greater ot leſs reftattive power 
of rhe pellucid body. And thatthis is ſo.abundance of Inſtances and par- 
ticuht Circumſtances will make manifeſt. rs 

As, if youtake any ſmall piece of the Muſeovy-glaſs , and with a 
Needle, 'or ſome other convenient Inſtrument, cleave it oftentimes into 
thinner and thinner Lamirne, you ſhall find, that till you come toa deter- 
ttiate'thinheſs of them, they ſhall all _ tranſparent and coJourleſe, 
but if you continue to iplit and divide them further,you ſhall find at laſt, 
that each Plate, after it comes to ſuch a determinate thickneſs, ſhall ap- 

zeat maſt lovely ting'd or imbued: with a determinate colour. If further, 

F'a8y Meats you ſo flaw a pretty thick piece, that one part does begin 
£6-cleave x little from the other, and between thoſe two there be by any 
tMexrs gotten ſorne pellucid edinm, thoſe laminated pellucid bodies that 
fill 'that ſpace, ſhall exhibit ſeveral Rainbows or coloured Lines, the co- 
louts 'of which will be diſpoſed and ranged according to' the various 
thickneſſes of the feveral parts of that Plate. Thar this is fo, is yet fry 
rher confirmed by this Experiment. LAT 45 pp 

'- Take two ſmall pieces of ground and poliſht Looking-glaſs-plate, 
each about the bigneſs of a ſhilling, take theſe two dry , and with your 
fore-fitigets and thumbs preſs them very hard and cloſe together,and you 
ſhall find, that when they approach each other very near, there will ap- 
pear ſeveral 1riſer or coloured Lines, in the ſafe manner almoſt as in the 
Mnſtovy-4laſs 3 and you may very eaſily chatige any of the Colours of 
any patt of the interpoſed body, by prefling the Plates cloſer and hard- 
er together,or leaving them more lax ; that is, part which appeared co- 
loured with ared, may be preſently ting'd with a yellow, blew, green, 
purple; or the like, by altering the appropinquation of the terminating 
Plates.Now that air is not neceflary to be the interpoſed body, but that 
any athet tranſparent fluid wit do much the ſame, ray be tryed by wer- 
ting thoſe approximated Surfaces with Water, or aty other tranſparent 
Liquor, and proceeding with it in the faniemanneras you did with the 
Air; and'you will find much the like effeft, only with this differehee; 
that thoſe compreſt bodies, which differ moſt; in their refractive quality, 
from the compreſſing bodies, exhibit the tot ſtrohg and vivid rin- 
res. | Nor is it neceſſary , that this Jamr#ated ind #ing'd body ſhould 
be of 4fluid ſubſtance; atry other ſubſtance; provided it be thin enough 
and tranfparett, doing the famething : this the Lamrine of our Muſcory- 
ghſo Hines bur it pul e confirttd by multitudes of other Inſtances. 

Ard firſt, we ſhalſfind, that '&ven Glaſs it {elf niay; by the help of 1 
Lamp; "be blowii thiti! enotigh to prodiiee theſe Phrmomern of Co- 
loiits: ' Which Phgndmrena accidentally 26 Ag , 4s'T hfve been 
yr 71 ba fratrie finaJl Glaffes with a Lamip ; did not a Fietle ſutprize 
ne" t-> frſt, havitlg: never "hits 6f Ray ary thing of It before ; 
though afterwards compating "it Wwith'ithe' Phanoert; 4' had often 
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Mr1cRoOGRAPHIA, 
obſerved in thoſe Bubbles which Children uſe to make with Soap-water; 
I did the leſs wonder 3 eſpecially when upon Experitnent: Lfound; I was 
able to produce the ſame Pheromena in thin Bubbles made: with any 
other tranſparent Subſtance. Thus have I produced them with Bubbles 


of Pitch; Koſin, Colophony,Turpentine, Solutions af ſeveral Gums; as Gumei © 


Arabick, in waters any g/ntinozs Liquor,as Wort, Wine,Spirit of Wine, Oyl 
of Turpentine, Glare of Snails, &c. | bag 0: 

| It would be needleſs to enumerate the ſeveral Inſtances ; theſe being 
enough toſhew the generality or univerſality of this propriety. - Only I 
mult not omit, that we have inſtances alſo of this kind even m tnetalhine 
Bodies and animal ; for thoſe ſeveral Colours which are obſerved to fol- 
low each'other upon the politht ſurface of hardned Steel, whe it is by a 
ſufficient degree of heat gradually tempered or ſoftened, are produced: 
from nothing elſe but a certain thin Lamina of a vitrext or vitrified part 
of the Metal,which by that degree of heat, and the concurring attion of 
the ambient Air,is driven out and fixed on the ſurface of the Steel. 

And this hints to me a very probable ( atleaſt, if not the true) cauſe 
of the hardning and tempering of Steel, which has not, I think, been yet 
given,nor, that I know of, been ſo much as thought of by any. And that 
1s this,that the hardneſs of it ariſes from a greater proportion of a vitrifi- 
ed Subſtance interſperſed through the pores of the Steel. And that the 
tempering or ſoftning of it ariſes from the proportionate or ſmaller parcels 
of it left within thoſe pores. This will ſeem the more probable , if we 
conſider theſe Particulars. | 

Firſt, That the pure parts of Metals are of theryſelves very flexble 
and ?aff; that is, will indure bending and hammering,and yet retain their 
continuity, | | 

Next, That the Parts of all vitrified Subſtances, as all kinds of Glaſs; 
the Scoria of Metals, e*c. are very bard, and alſo very brittle, being net- 
ther flexible nor malleable, but may by hammering or beating be broken 
into ſmall parts or powders. | 

Thirdly, That all Metals ( excepting Gold and Silver , which do not 
ſo much with the bare fire, unleſs aſſiſted by other faline Bodies ) do 
more or leſs vitrifie by the ſtrength of fire, that is, are corroded by a fa- 
line Subſtance, which I elſewhere ſhew to be the true cauſe of fire; and 
are thereby, as by ſeveral other Menſtrunms,converted into Seoria 5 And 
this is called, talciring of them, by Chimiſts. Thus Iron and Copper by 
heating and quenching do turn all of them by degrees into Scorid, which 
are evidently vitrified Subſtances, and unite with Glaſs , and are eaſily 
Faſible 5 and when cold, very hard, and very brittle. 

Fourthly, That moſt kind of Yitrifications or Calcinations are made by 
Salts, uniting and incorporating with the metalline Particles. Nor do I 
know any one talcinatio# wherein a Saline body may not, with very 
great probability, be ſaid to be an agent.or coadjutor, 

Fifthly, That Iron is converted into Steel by means of the incorpora- 
tion of certain ſalts, with whichit is kept a certain time in the fire. 


F 2 Sixthly, 
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MicroOGRAPHIA; 


'Sixthly, That any Iron may, in a very little time, be caſe hardned, ag 
the Tratlevenen call ir, by x the iron to be hardned with'clay, and 
putting between the clay and iron a good quantity ofa mixture of Urine, 
$oot, Sea-ſalt, and Horſes hoofs (all which contemn great quantities of Sa- 
line bodies) and then putting the caſe into a good ſtrong fire, and keep- 
ing it in a conſiderable degree of heat for a good whule, and afterwards 
heating, and quenching or cooling it ſuddenly in cold water. 

Seventhly, That all kind of vitrify'd ſubſtances,by beg ſuddenly cool'd, 
become very hard and brittle. And thence ariſes the pretty Phanomers 
of the Glaſs Drops, which I have already further explained inits own 

lace. -: -- | 

Eighthly, That thoſe metals which are not ſo apt to vitrifie, do not ac- 
quire any hardneſs by — in water, as Silver, Gold, &c. 
Theſe conſiderations premis'd, will, I ſuppoſe, make way for the more 


. eaſie reception of this following Explication of the Phenomena of hardned 


and temper'd Steel. That Steel is a ſubſtance made out of Iron, by means 
of a certain proportionate Y/:trificatioz of ſeveral parts, which are fo cu- 
riouſly and proportionately mixt with the more tough and unalter'd parts 
of the Iron, that when by the great heat of the fire this vitrify'd ſub- 
ſtance is melted, and conſequently rarify'd, and. thereby the pores of 
theIron are more open, if then by means of dipping it in cold water it 
be ſuddenly cold, and the parts hardned, that is, ſtay'd in that ſame de- 
gree of Expanſion they were in when hot, the parts become very hard 
and brittle, and that upon the ſame account almoſt as ſmall parcels of 
glaſs quenched in water grow brittle, which we have already explicat- 
ed. If after this the piece of Steel be held in ſome convenient heat,till by 
degrees certain colours appear upon the ſurface of the brightned metal, 
the very hard and brittle tone of the metal, by degrees relaxes and be- 
comes much more tough and ſoft ; namely, the action of the heat does 
by degrees looſen the parts of the Steel that were before ſtreached or ſet 
atilt as it were, and ſtayed open by each other, whereby they become 
relaxed and ſet at liberty, whence ſome of the more brittle interjacent 
parts are thruſt out and melted intoa thin skin on the ſurface ofthe Steel], 
which from no colour increaſes toa deep Purple, and ſo onward by theſe | 
gradations or conſecutions, White, Tellow, Orange, Minium, Scarlet, Purple, 
Blew Watchet, &c. and the parts within are more conveniently, and pro- 
portionately mixt ; and ſo they gradually ſubſide into a texture which 
Is much better proportion'd and cloſer joyn'd; whence that rigidneſle 
- ceaſes, and the parts begin to acquire their former dudil- 
zefs. . 

Now,that 'tis nothing but the vitrify'd metal that ſticks upon the ſurface 
of the colour'd body, is evident from this, that if by any means it be ſcra- 

ed and rubb'd off, the metal underneath it is white and clear:and if it be 

ept _ in the fire, ſo as to increaſe to a conſiderable thickneſs, it 
may, by blows, be beaten offin flakes. This is further confirm'd by this 
obſervable, that that Ircn or Steel will keep longer from ruſting which 
1s covered with this vitrify'd caſe : Thus alſo Lead will, by degrees, ” 

4 


MricrRoGRaAPHhTA: 


all turn'd into- a litharge 3 - for that colour which coversthe top: being 
ſcum'd or ſhoy'd aſide, appears to be nothing: elſe but a litharge or 
vitrify d Lead. In 
"This is obſervable alfo in ſome ſort , on Braſs, Copper, Silver, Gold, 
Tin, but is moſt conſpicuous in Lead: all thoſe Colours that cover the 
ſurface of the Metal being nothing elſe , but a very thin vitrifi'd part 
of the heated Metal. from 4 

The other Inſtance we have, is in Animal bodies, as in Pearls, Mother 
of - Pearl-ſhels,: Oyſter-thels, and almoſt all other kinds of ſtony ſhels 
whatſoever. - ' This have I allo ſometimes with pleafure obſerv'd even 
in Muſcles and Tendons. Further, if you take any glutinous ſubſtance 
and runit exceedingly thin upon the ſurtace of a ſmooth glaſs or a po- 

liſht metaline' body, you ſhall find the like effe&s produced : and in 
' general, wherelſoever you mect with a tranſparent body thin enough, 
that is terminated by retlecring bodies of differing refraCtions from it, 
there will be a production of theſe pleaſing and lovely colours. 

Nor is-it neceſſary, that the two terminating Bodies ſhould be both of 
the ſame kind, as may appear by the vitrified Lamine on Steel, Lead, and 
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other Metals,one ſurface of which Lamine is contiguous to the ſurface of . 


the Meta], the other to that of the Air. 


Nor is it neceſiary, that theſe colour'd Laminge ſhould be of an even 


thickneſs, that is, ſhould have their edges and middles of equal thickneſs, 
as in a Looking-glaſs-plate, which circumſtance is only requiſite to make 
the Plate appear all of the ſame colour ; but they may reſemble a Les, 
that is, have their middles thicker then their edges; or elſe a double cor: 
cave, that is, be thinner in the middle then at the edges ; in both which 
caſes there will be various coloured rings or lines,with differing conſecu- 
tions or orders of Colours ; the order of the firſt from the middle out- 
wards being Red, Yellow, Green, Blew, &c. And the latter quite con- 
trary. 

But further, it 1s altogether neceſſary, that the Plate, in the places 
where the Colours appear, ſhould be of a determinate thickneſs: Firſt, It 
mult not be more then ſuch a thickneſs, tor when the Plate is increaſed to 
ſuch a thickneſs, the Colours ceaſe 3 and beſides, I have ſeen in athin 
piece of Muſcovy-glaſs, where the two ends of two Plates, which appear- 
ing both ſingle , exhibited two diſtin& and differing Colours ; but 
in that place where they were united, and conſtituted one double Plate 

(asI may call it ) they appeared tranſparent and colourleis. Nor , Se- 
condly , may the Plates be thinrer then ſuch a determinate cize ; for we 
alwayes find, that the very outmoſt Rim of theſe flaws is terminated in 
a White and colourleſs Ring; 

: Further, in this Production of Colours there isno need of a determi- 
nate Light of ſuch a bigneſs and no more, nor of a determinate poſition 
of that Light,that it ſhould be on this fide,and not on that fide; nor of a 
terminating ſhadow, as in the Priſme, and Rainbow, or Water-ball : for 
we find, that the Light in the open Air, either in or out of the Sun-beams, 


and within a Room, either from one or many Windows. produces much 
the 
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the ſame effe&t : only wherethe Light is brighteſt, there the Colours are 
moſt 2ivid. $o does the light of a Candle, colleqed by a Glaſs-ball, 
And further , it is all one onde fide of the coloured Rings. be to- 
wards the light; for the whole Ring keeps its proper Colours from the 
middle outwardsin the fame order asI before related , without varying 


at all, upon changing the > of the light. : 
But above all it is moſt obſervable, that here are all kind of Colour 


generated in apelucid body,where there is properly no ſuch refraCtion as 
Des Cartes ſuppoſes his Globules to acquire a wverticity by ; For in. the 
lain and even Plates it is manifeſt, that the ſecond refraction ( accord- 
to Des Cartes his Principles in the fifth Seion of the (eighth Chapter 
of bis Meteors ) does regulate and reſtore the ſuppoſed twrbinated Glo- 
| bules unto their former uniform motion. This Experiment therefore will 
prove ſuch a one asqur thrice excellent Verulam calls Experimentum Cru- 
cis, ſerving as a Guideor Land-mark , by which to direct our courſe in 
the ſearch after the true cauſe of Colours. Afording us this' particular 
negative Information, that for the production of Colours there is not ne- 
cellary either a great refraCion, as in the Priſme ; nor Secondly, a deter- 
mination of Light and ſhadow., ſuch as'1s both in the Priſme and Glaſs- 
ball. Now that we may ſee likewiſe what affirmative and poſitive Inſtru- 
ion it yields,it will be neceſlary, to examine it a little more particularly 
and ſtrictly ; which that we may the better do, it will be requiſite to 
—_— ſomewhat in general concerning the nature of Light and Refra- 
ion. | 

And firſt for Light,it ſeems very manifeſt, that there 1s no luminous Bo- 
dy but has the parts of it in motion more or leſs. 

Firſt, That all kind of fiery burning Boaies have their parts 1n motion, 
I think, will be very eaſily granted me. [ That the ſpark ſtruck from a 
Flint and Steel is ina ar agitation, I have elſewhere made probable. 
And that the Parts of rotten Wood,rotten Fiſh,and the like, are alſo in mo- 
tion, Ithink. will as eaſily be conceded by thoſe, who conſ1der,that thoſe 
parts never begin to ſhine till the Bodies be in a ſtate of putrefaCtion; 
and that is now generally granted by all , tobe cauſed by the motion of 
the partsof putrifying bodies. That the Bozonian ſtone ſhines no lon- 
ger then it is either warmed by the Sun-beams, or by the flame of a Fire 
or of a Candle, is the general feport of thoſe that write of it, and of 
others that have ſeen it. And that heat argues a motion of the internal 
parts,!s ( as I faid before ) generally granted. 

But there is one Inſtance more , which was firſt ſhewn to the Royal S0- 
ciety by Mr. Claytox a worthy Member thereof, which does make this Af- 
ſertion more evident then all the reſt : And that is, That a Diawond be- 
ing rb'd, ſiruck, or heated inthe dark, ſhines for a pretty while after, ſo 
long as that motion, whichis imparted by any of thoſe Agents, remains 
(in the ſame manner as a Glaſs,rubb'd,ſtruck,or(by a means which I ſhall 
elſewhere mention ) heated, yields a ſound which laſts as long as the v:- 
brating motion of that ſozorous bady ) ſeveral Experiments made on 


which Stone, are ſince publiſhed in a Diſcourſe of Colours, by the truly 
honou- 


___.Microatarpamil. 
honontable MF. Boyſe: What may Be faid of thaſt Tywes fable that aj 
pear i6&The hipht,l cannot ſo-well affirm, having ever had theofportiunil 
ty 60 exfiitiine them my ſelf, tor to bt inform'd by-lily others thut had 
obſerv'd them t- Aid the relations of theth in Authors dre Imperfect; 
that nothing; can be built on then, But I hope Tſhall be ablein ihothes 
place t6 thake itt leaft very probable, that cthere is Even in thoſe alſo & 
Motion which cauſes this eftett; That the — Sex-Wtiter proceeds 
from the ſathe caliſe; -may be argned from this, That it ſhints riot vill &z 
ther it be beaten agalhſt a Rock, or be ſothe other ayes broken or agi- 
tated by Stothis, or Oars, of other perchſſire bodies. Atid- that the As 
nittial Z#2r29e+ or Spirituoris 427] parts ate vety Aftiye ih Caf5- eyes wheti 
they ſhire; Techs evident ehough, beeatife their eyes hever-THhitie but 
when they look very intenfly either to find their prey, or beliif hinted 
in a dark room,when they ſeek after their adverſaty; or to find a way to 
eſcape. Ahd the like thay be ſaid of the ſhihing Bees off Gloworms; 
fince 'tis evident they car at pleaſure eithet iticreaſe et extiriguiſh that 
Radiation. | E- 

It would be ſomewhat too long a work for this place Zeretically to 
examine; and poſitively to pres what patticular kind of motion it is 
that mult be the efficieht of Light ; for though it be a motibh, yet 'tis 
hbt every motion that produces it, ſihce We hind there are tmany bodies 
very violently trov'd, which yet afford not ſich ati effe&t 5 ant there 
are other bodies, which to our other ſenſes; ſeem not thov'd {6 rich; 
Which yet ſhihs. Thtts Watet ahd quick-{ilver, ant moſt other liquors 
heated, ſhine not; and [everal hard bodies, as Troh, Silver, Braſs. Cop: 
pet. Wood, &c. though very ofteh ſttuck with a hamrmhet, ſhine not pre- 
fſently, though they will all of them grow exceeding hot 3 whereas rots 
tent Wood, totten Fiſh, Sea water, Gloworms, &c. have nothing of tan- 
vible heat iri ther, and yet { where there is no ſtrotiget light to affeR the 
Sefſory) they ſhine ſome of them fo Vividly, that ohe thay thake a ſhift 
toread by theth. 

It would be too lone; Ifay, hete to ihſett the diſcurſive progreſs by 
which I inquir'd aftet the proprieties of the motion of Light, and thete4 
fore I ſhall vhly add the teſult. | 
* And, Fitft, I fourid it ontht to be exteeding g#7ck, ſuch as thoſe mot{- 
ons of fermentation and putrefadFivr, whereby, certaitily, the parts ate 
exceeding nitnbly and violently mov'd;; and that, beequit we tid thoſt 
Motions are able frore tminutely to ſhatter atid divide the bedy,then the 
moſt viotent Heats or thſtrunms we yet know, And that fitt is nothing 
Elſe butt ſuch © d/ſolytior' of the Biitniing body, trade by the tttoſt 1#ver- 

ſal wenfirnitn of all ſalphitreons bodies, namely, the Air, we ſhall it! ati 

other place of this TtQate endeavour to tnake probable. Arid that; 
In all extteatnly hot fhihitt? bodies, there is a very quick motion that 
cauſes Light; as well 42 4 thore tobult that cauſes Hear, thay be atgited 
froth the cUlerity wheretvith the bodyes ate dfoIWA:; 


. 


Next, itmuſt be i #;brative motion.” And fof this the newly thbfition' 


Diamond affords us agood atguttitiis; Tioce if the trftion ofthe parts di 
*< not 
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not return,the Diamond muſt after man hb oa and be waſted: 
but we have no reaſon to ſuſpec the latter, e lly if we conſider 
the exceed Gibouley that is found in cutting or wearing away a Di- 
amond. And a Ci rams of ta + much _ improbable, 
fance, if that were granted,an pposd irre and Angular 
parts, I ſee not how the parts of he Diamond ſhould hold fo oy 20- 
er, or remain in the ſame ſenſible dimenſions, which yet they do. 
-_ if they be Globular, and mov'd only with a trbinated motion, | 
know not any cauſe that can impreſs that motion upon the pe/ucid me- 
diume, which yet is done. Thirdly, any other irregular motion of the 
parts one amongſt another, mulſt nec y make the body of a fluid 
conliſtence, from which it is far enough. It muſt therefore be a /ibra- 
ting motion. — 
And Thirdly, That it is a very ſhort vibrating motion, I think the in- 


ſtances drawn from the ſhining of Diamonds will alſo make probable. 


For a Diamond being the hardeſt body we yet know in the World, and 
conſequently the leaſl apt to yield or bend, muſt conſequently alſo have 
its vibrations exceeding ſhort. : 

And theſe, I think, arc the three principal propricties of a motion, re- 
quiſite to produce the effed call'd Light inthe Object. 

The next thing we are to conſider, is the way or manner of the traje- 
Gion of this motion through the interpos'd pellucid body to the eye: 
And here it will be eaſily granted, 

Firſt, That it muſt be a body ſ#ſceptible m—_— of this motion 
that will deſerve the name of a Tranſparent. next, that the parts of 
ſuch a body muſt be Homogeneoxs, or of the fame kind. Thirdly, that the 
eonſtitution and motion of the parts muſt be ſuch, that the appulle of the 
luminous body may be communicated or propagated through it tothe 
greateſt imaginable diſtance in the leaſt imaginable time; though I ſee 
no reaſon to affirm, that it muſt be in an inſtant : For I know not any one 
Experiment or obſervation that does proveit. And, whereas it may be 
objected, That we ſee the Sun riſen at the very inſtant when it is above 
the ſenſible Horizon, and that we ſee a Star hidden by the body of the 
Moon at the ſame inſtant, when the Star, the Moon, and our Eye are all 
in the ſame line ; and the like Obſervations, or rather ſuppoſitions, may 
be urgd. TI have thisto anſwer, That I can as eaſily deny as they affirm; 
for I would fain know by what means any one can be aflured any more 
of the Affirmative, then I of the Negative. If indeed the propagation 


' were very ſlow, 'tis poſſible ſomething might be diſcovered by Eclyp- 


ſes of the Moon ; but though we ſhould grant the progreſs of the light 
from the ug r- to the Moon, and hom the __ —_ to the Fanehe- 
gain to Il two Minutes in performing, I know not any poſlible 
means to diſcover it ; nay, there may be ſome inſtances perhaps of Ho- 
rizontal Eclypſes that may ſeem very much to favour this ſuppoſition of 
the ſlower progreſſion of Light then moſt imagine. And the like may 
be ſaid of the Eclypſes of the Sun, &c. But of this only by the by. 
Fourthly, That the motion is propagated every way through an Horro- 


geneonus 
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geneons medium by direct or ſiraight lines extended: every way likeRays 
from the center of a Sphere. Fifthly, in an Homogeneous medium this mo- 
tion is propagated every way with equal velocity, whence neceſſarily eve- 
ry pulſe or vitration of the luminous body will. generate a Sphiere, which 
will continually increaſe, and grow bigger, juſt after the ſame manner 
(though indefmitely ſwifter) as the waves or rings on the ſurface of the 
water do ſwell into bigger and bigger circles about a point of it, where; 
by the ſinking of a Stone the motion was begun, whence it neceſlarily fol- 
lows, that all the parts of theſe Spheres undulated through an Homogere- 
ons wedinm cut the —_ at right angles. | ig <8 

But becauſe all tranſparent z2edinms are not Homogeneons to one. an- 
other,therefore we will next examine how this pulſe or motion will be 
propagated through difteringly tranſparent »ediums. And here, ac- 
cording to the moſt acute and excellent Philoſopher Des Cartes, I ſup- 
poſe the ſign of the angle of inclination in the firſt »redinm to be to 
the ſign of refraction in the ſecond, As the denſity of the firſt, to the 
denſity of the ſecond. By denſity, I mean not the denſity in reſpect of 
gravity (with which the refraCtions or tranſparency of zzediuzrs hold no 
proportion) but in reſpect onely to the 7raje@ion of the Rays of light, in 
which reſpe& they only differ in this; that the one propagates the pulſe 
more eaſily and weakly, the other more {Jowly, but more ſtrobgly. But 
as for the pulſes chanthives, they will by the refraCcion acquire another 


propriety, which we ſhall now endeavour to explicate. 
We will ſuppoſe therefore in the firſt Figure AC FD to bea phyfical 
Ray, or ABCand DEF to be two Mathematical Rays, trajeFed fromi 


a very remote point of a luminous body through an Homogeneoxns tranſpa- 

rent zedinm LL L, and DA, EB, FC, to be ſmall portions of the or- 

bicular impulſes which muſt*therefore cut the Rays at right angles; theſe 

Rays meeting with the plain ſurface NO of a zvedizum that. yields an 
eaſier traxſitns to the propagation of light, and falling oblzquely on it; 

they will in the edizm M MM be refracted towards the perpendicular 
of the furface. And becauſe this medium is more eaſily trajeFed then 

the former by a third, therefore the point C of the orbicular-pulſe FC 
will be mov'd to H four ſpaces in the ſame time that F the other end of 
It is movd to G three ſpaces, therefore the whole refratted pulſe G H 
ſhall be obliqueto the refratted Rays CHK and GI; and the angle G HC 
ſhall be an acnte, and ſo'much the more acute by how much the greater 
. the refraQtion be, then which nothing is more evident, for the fign of the 
inclination is to be the fign of refraction as GF to T C the diſtance be- 
tween the point C and the perpendicular from G on CK, which being as 
four to three, H C being longer then GF is longer allo then T C, there- 
fore the angle GHC is leſs than G T C. So that henceforth the parts of 
the pulſes GH and IK are mov'd aſcew, or cut the Rays at oblique 
angles. 2 

| fe is not tmy buſineſs in this place to ſet down the reafons why this or 
that body ſhould impede the Rays more,others leſs: as why Water ſhould 


tranſmit the Rays more eaſily, though more weakly than air. Onely thus 
K | much 
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much in general I ſhall hint, that I ſuppoſe the wedinm MMM to have lefs 
of the tranſparent undulating ſubtile matter, and that matter to be lefs 
implicated by it, whereas LLL I ſuppoſe to contain a greater quantiey 
of the fluid undulating fubſtance,and this to be more implicated with the 
particles of that wedinm. 2 | 

But to proceed, the ſame kind of obliquity of the Pulles and Rays will 
happen alſo when the refraction is made out of a more eaſe inta a more 
diffcule wedia; as by the calculations of GQ & CSR whichare refrated 
from the perpendicular. In both which calculations tis ebvzoxs to oblerve, 
that always that part of the Ray towards which the refraGtion is made 
has the end of the orbicnlar pulſe precedent to that of the other ſide. And 
always,the oftner the refraction is made the ſame way,Or the greater the 
fingle refrattion is, the more is this unequal progreſs. So that having 
found this odd propriety to be an inſeparable concomitant of a refrafted 
Ray, not ſtreightned by a contrary refraction, we will next examinethe 
refrattions of the Sun-beams, as they are ſuffer'd onely to paſs through a 
ſmall paſſage, obliquely out of a more difficult,into a more eafie wedinze. 

Let us ſuppoſe therefore ABC in the ſecond Figure to repreſent 
a large Chimical Glaſ5-body about two foot long, filled with very fair Wa- 
terashighas AB, and inclin'd in a convenient poſture with B towards 
the Sun : Let us further ſuppoſe the top of it to be cover'd with an opa- 
cous body, all but the hole 4 b, through which the Sun-beams are ſuffer'd 
to paſs into the Water,and are thereby retracted to c def,againft which 
part, if a Paper be expanded on the vutſide, there will appear all the co- 
Jours of the Rain-bow, that is, there will be generated the two principal 
colours, Scarlet and Blxe, and all the intermediate ones which ariſe from 
the compoſition and dilutings of theſe two, that 1s, c d ſhall exhibit a 
Scarlet, which toward d is diluted into a Te/ow ; this is the retraction of 
the Ray, 74,, which comes from the underſide of the Sun ; and the Ray 
eF ball appear of a deep Blze, which 1s gradually towards e diluted in- 
toa pale Watchet-blue. Between d and e the two dzilutcd colours, Blue 
and Te/ow are mixt and compounded into a Greer; and this I imagine to 
be the reaſon why Gree: is ; acceptable,a colour to the eye, and that 
either of the two extremes are, if intenſe, rather a little offenſive, name- 
ly, the being plac'd in the middle between the two extremes, and com- 
pounded out of both thoſe, dilxted alſo, or ſomewhat qualifi'd, for the 
compoſition, ariſing from the mixture of the two extremes #xdil/xted, 
makes a Pxrple,which though it be a lovely colour,and pretty acceptable 
to the eye, yet isit nothing comparable to the raviſhing pleaſure with 
which a curious and well tempered Greer: affeCts the eye. If removing 
the Paper, the eye be plac'd againſt c d, it will perceive the lower ide 
of the Sun (or a Candle at night which is much better, becauſe it offends 
not the eye, and is more eaſily manageable) to be of a deep Red, and if 
againſt ef it will perceive the upper part of the luminous body to be of 
a deep Blxe; and theſe colours will appear deeper and deeper, accord- 
ing as the Rays from the luminous body fall more obliquely on the fur- 


face of the Water, and. thereby ſuffer a greater refraCtion, and the 
more 
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more diſtin, the further c 4 ef is removed from the trajeCting hole. 

So that upon the whole, we ſball find that the reaſon of the Phenwome- 
a ſeems to depend upon theobliquity of the orbicular pulſe,to the Lines of 
Radiation.and in particular,that the Ray c 4 which conſtitutes the Scar- 
let has its inner parts, namely thoſe which are next to the middle of the 
luminous body, precedent to the outermoſt which are contiguous to the 
dark and unradiating ſkie. And that the Ray ef which gives a Blze, has 
its outward part,namely, that which is contiguous to the dark ſkteprece- 
dent to the pulſe from the innermoſt, which borders on the bright arcs 
of the luminous body. | 
We may obſerve further,that the cauſe of the diluting of the colours to- 
wards the middle, proceeds partly from the widenels of the hole through 
which the Rays paſs, whereby the Rays from ſeveral parts of the lumi- 
nous body, fall upon many of the ſame parts between c and f as is more 
manifeſt by the Figure : And partly alſo from the nature of the refraCtion - 
it felt, for the vividneſs or ſtrength of the two terminiting colours, ariſing 
chiefly as we have ſecn, from the very great difference that is betwixt the 
outſides of thoſe oblique nndulations & the dark Rays circumambient.and 
that diſparity betwixt the approximate Rays,decaying gradually : the fur- 
ther inward toward the middle of the luminous body they are remov'd: 
the more mult the colour approach to a white or an undiſturbed light. 

Upon the calculation of the refraction and retiection from a Ball of 
Water or Glaſs, we have much the ſame Phenomena namely, an obliquity of 
the undulation in the ſame manner as we have found it here. Which, be- 
cauſe it is very much to our preſent purpoſe, and atiords ſuch an Inſtancia 
crucis, as noone that I know has hitherto taken notice of, I (hall turther 
examine. For it does very plainly and politivcly diſtinguiſh, and fheyw., 
which of the two Hypotheſes,cither the Carteſtaz or this is to be followed, 
by affording a generation of all the colors in the Rainbow, where accord- 
ing to the Carteſian Principles there ſhould be none at al] generated. And 
ſecondly, by affording an inſtance that does more cloſely confine the 
_ cauſe of theſe Pheromera of colours to this preſent Hypotheſts. 

And firſt,for the Carteſian,we have this to object againſt it, That whereas 
he ſays (Meteorum Cap.8.Sef.5.)Sed judicabam unricam(refrativne ſcilicet ) 
ad minims requiri,@ quidem talem ut ejus effe@us alid contrarii (refra@ti- 
one)non deſtruatur : Nam experientia docet ſj ſnperficies NM &- NP ( nempe 
refringentes) Parallele forent, radios tantundem per alteram iterum ereFos 
quantum per unam frangerentur,zmllos colores depifuros ; This Principle of 
his holds true indeed in a priſme where the retraCting ſurfaces are plain, 
but is contradicted by the Ball or Cylinder, whether of Water or Glaſs, 
where the refraCting ſurfaces are Orbicular or Cylindrical. For if we ex- 
amine the paſlage of any Globule or Ray of the primary 1ris,we ſhall find 
1t to paſs out of the Ball or Cylinder again, with the fame inclination and 
refraction that it enter'd in withall, and that that laſt refraction by means 
of the intermediate reflection ſhall be the ſame as if without any 
reflection at all the Ray had been twice refracted by two Parallel 


ſurfaces; | 
K 2 And 
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And that this is true, not onely in one, but in every Ray that goes to 
the conſtitution of the Primary Iris; nay, in every Ray, that ſuffers only 
two refraCtions.and one refle&ion, by the ſurface of the round body, we 
ſhall preſently ſee moſt evident, if we repeat the Carteſtar Scheme, men- 
tioned in the tenth Se&ror: of the eighth Chapter of his Meteors, where 
EFK NP in the third Figure is one of the Rays of the Primary Iris, 
twice refratted at F andN, and once retieCted at K by the ſurface of the 
Water-ball. For, firſt it is evident, that KF and KN are equal, becauſe 
K N being the refleCted part of K F they have both the fame inclination 
on the ſurface K that is the angles FK T, and NK V made by the two 
Rays andthe Tangent of K are equal,which is evident by the Laws of re- 
fic&ion : whence it will follow alſo, that K N has the fame inclination on 
the ſurface N, or the Tangent of it X N that the Ray KF has tothe ſur- 
| face F,or the Tangent of it F Y, whence it mult neceſſarily follow,that 
the refractions at F and N are equal, that is, KFE and KNP are equal, 

Now, that the ſurface N is by the reflection at K made "pm to the ſur- 
face at F, is evident from the principles of reflection for reflection bein 
nothing but an inverting of the Rays,if we re-invertthe Ray KNP, ws, 
make the ſame inelinations below the line T K V that it has above, it will 
be moſt evident, that K H the inverſe of K N will be the continuation of 
the line F K, and that LHI the inverſe of O X is parallel toFY. And 
HM the inverſe of NP is Parallel to EF for the angle K HI is equal 
to KNO which is equal toK F Y, and the angle KH M is equal to K NP 
which is equal toK F E which was to be prov d. 

So that according to the above mentioned Carteſtar principles there 
thould be generated no colour at all in a Ball of Water or Glaſs by two 
refractions and one reflection, which does hold moſt true indeed, if the 
ſurfaces be plain, as may be experimented with any kind of prifme where 
the two refraCting ſurfaces are equally inclin'd to the reflecting; but in 
this the Pheromena are quite otherwile. 

The cauſe therefore of the generation of colour muſt not be what Des 
Cartes aſſigns, namely, a certain rotatiox of the Globuli etherei,which are 
the particles which he ſuppoſes to conſtitute the Pel/xcid medinn:, But 
ſomewhat elſe, perhaps what we have lately ſuppoſed, and ſhall by and 
by further proſecute and explain. 

But, Firſt T ſhall crave leave to propound ſome other difficultics of his, 
notwithſtanding exceedingly ingenious Hypotheſis, which I plainly confels 
to me ſeem ſuch; and thoſe are, 

Firſt, if that light be (as is affirmed, Diopt. cap. 1. $. 8.) not ſo pro- 
perly a motion,'as an ation or propenſion to motion, 1 cannot conceive 
how the = can come to be ſenſible of the werticity of a Globale, which is 
generated ina drop of Rain, perhapsa mile off from it. For that Globwle is 
not carry d to the eye din to his formerly recited Principle; andif 
not ſo, 1 cannot conceive how it can communicate its rotatioz, or circular 
motionto the line of the Globxles between the drop and the eye. It can- 
not beby means of every ones turning the next before him; for if ſo, then 
onely all the Globules that are in the odd places mult be turned the ſame 
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way. with the firſt, namely, the 3. 5. 7.9. 11, &c. but all the Globules 
interpoſited between them in the even places; namely.the 2.4-6.3.10.4$c.. 
muſt be the quite contrary 3; whence, according to the Carteſian Hypotheſps, 
there muſt be no diſtinct colour generated, but a confuſion. Next, ſince 
the Carteſian Globuli are ſuppos d (Principiorum Philoſoph. Part. 3. $5.86.) 
tobeeachof them continually in motion about their centers, I cannot 
conceive how the eye is able to diſtingutſh this new generated motion 
from their former inherent one, if I may fo call that other wherewith they 
are mov'd or t#rbirated, from ſome other cauſe than refraction. And 
thirdly, I cannot conceive how theſe motions ſhould not happen ſome- 
times to oppoſe each other, and then, in ſtead of a rotation, there would 
be nothing but a direct motion generated, and conſequently no colour. 
And fourthly, I cannot conceive, how by the Carteſiar: Hypotheſes it is poſ- 
fGble to give any plauſible reaſon of the nature of the Colours generated 
1m the thin /awine of theſe our Afcroſcopical Obſervations ; for in many of 
theſe, the refraCting and reflecting ſurfaces are parallel to each other,and 
cm no rotation can be generated, nor is there any neceſſity of 
a ſhadow or termination of the bright Rays, ſuch as is ſuppos'd (Chap. 8. 
6.5. Et preterea obſervavi umbram quoque,aut limitationem luminis requirz : 
and Chap. 8. $.9.) to be neceſlary to the generation of any diſtinct co- 
tours ; Beſides that, here is oftentimes one colour generated without any 
of the other appendant ones, which cannot be by the Cartepar Hy- 


potheſss. 

Thete muſt be therefore ſome other propriety of refraction that cauſes 
colour. And upon the examination of the thing, I cannot conceive any 
one more general, inſeparable, and ſufficient, than that which I have be- 
fore aſign'd. That we may therefore ſee how —_— our Hypotheſis 


agreesalſo with the Phenomena of the retracting round body, whether 
Globe or Cylinder, we ſhall next ſubjoyn our Calculation or Examer 
of 1t. 
And to this end, we will calculate any two Rays: as for inſtance z let $chew. 6. 
EF beaRay cutting the Aadins C D (divided into 20. parts) in G 16, Fis- 3: 
parts diſtant from C, and ef another Ray, which cuts the ſame Radins 
ing 17. parts diſtant,theſe will be refrafted to K and k, and from thence 
reliefiedtoN and zz, and from thence refriCted toward P and p; there- 
fore the Arch F f will be 5.4 5'. The Arch F K 106, 3o'. the Arch f 4 
101.4 2, Theline F G 6000. and f g 5267. therefore þ f. 733. therefore 
Fc 980, almoſt. The line F K 16024. and f 4 15436. theretore Nd 196. 
and # o 147 almoſt, the line Nn 1019 the Arch N# 5.4 51. therefore 
the Angle N 0 1.34.4 43. therefore the Angle N o z. is 139.% 56. 
which 1s almoſt 50.4 more than a right Angle. 
It isevident therefore by this Hypotheſis, that at the ſame time that e f 
- touches f. E F is arrived at c. And by that time e f& is got to z, 
EFKN is got to 4, and whenit touches N, the pulle of the other Ray 
3s got to o, and no farther, which is very ſhort of the place it ſhould have 
arrivd to,to make the Ray p to cut the orbicalar pulſe. N o at right 
Angles: therefore the Angle Nop is an acute Angle, but the quite con- 
trary 
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trary of this will happen,if 17.and 18.be calculated in ſtead of 16.and 17, 
both which does moſt exactly _ with the Phenomena : For if the Sun, 
or a Candle (which is better) be placed about E e, and the eye about 
P p, the Rays EF ef. at 16. and 17. will paint the fide of the luminous 
objett toward 2 p Blue,and towards N P ed. But the quite contrary will 
happen when E F is 17. and ef 18. for then towards N P ſhall be a Blae, 
and towards 2p a Red, exaCtly according to the calculation. And there 
appears the Blze of the Rainbow, where the two Blue fides of the two 
Images unite, and there the Ked where the two Red f1des unite, that is, 
where the two Images are juſt diſappearing 3 which 1s, when the Rays 
EF and NP produc'd till they meet,make an Angle of about 41. and an 
half; the like union is there of the two Images 1n the Production of the 
Secundary Iris, and the ſame cauſes, as upon calculation may appear ; 
onely with this difference, that it is ſomewhat more faint, by reaſon of the 
- duplicate reflettion, which does always weaken the impulſe the oftner 
itis repeated. 

Now. though the ſecond refraction made at N # be convenient,that is, 
do make the Rays glance the more, yet is it not altogether requiſite ; for 
it is plain from the calculation, that the pulſe 4d is ſufficiently oblique to 
the Rays K Nand 4 z.,as wel as the pulſe fc 1s oblique to the Rays F K & fk, 
And therefore if a piece of very fine Paper be held cloſe againſt Nz and 
the eye look on it either through the Ball as from D, or from the other 
fide, as from B. there ſhall appear a Rainbow, or colour'd line painted on 
it with the part toward X appearing Red, towards O, Blue ; the fame alſo 
ſhall happen, if the Paper be placed about K k, for towards T ſhall ap- 
pear a Aed, and towards V a Zlze, which does exactly agree with this my 
Hypotheſis, as upon the calculation of the progreſs of the pulſe will moſt 
ealily appear. 

Nor do theſe two obſervations of the colours appearing to the eye a- 
bout p dittering from what they appear on the Paper at N contradict each 
other ; but rather confirm and exactly agrce with one another, as will be 
evident to him that examines the reaſons ſet down by the ingenious. 
Des Cartes 1n the 12. Se@. of the 8. Chapter of his Meteors, where he 
g1ves the true reaſon why the colours appear of a quite contrary order 
to the eye, to what they appear'd on the Paper if the eye be plac'd in 
ſteed ofthe Paper : And as in the Priſme, fo alſo in the Water, Drop, or 
Globe the Phenomena and reaſon are much the ſame. 

Having therefore ſhewn that there 1s ſuch a propriety in the priſme 
and water Globule whereby the pulſe is made obl:que to the progrelitve, 
and that ſo much the more, by how much greater the refraction 1s, I ſhall 
in the next place conſider, how this conduces to the production of co- 
lours, and what kind of impreſſion it makes upon the bottom of the eye; 
and to this end it will be requifite to examine this Hypotheſes a little more - 
particularly. 

Firſt therefore, if we conſider the manner of the progreſs of the pulle, 
it will ſeem rational to conclude, that that part or end of the pulſe which 


precedes the other,muſt neceſſarily be fomwhat more obturded,or ——_— 
y 
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by the refiſtance of the tranſparent ediuw, than'the other part orend of 
it whichs fubſequent, whote way is, as it were, ;prepared by the other; 
eſpecially if the adjacent medium be not inthe ſame-mannerxnlightned 
or agitated. And therefore(in the fourth Frgure-of the fixth &imijm the 
Ray AAAHB will have its fide HH more deadned by the-xtliſtance 
of the dark or quiet weding: PP P, Whence there will be a kind-of dead- 
neſs ſuperinduc'd onthe fide H H H, which will continually mereaſe from 
B, and ſtrike deeper and deeper into the Ray by the line BR Whence 
all the parts of the triangle, R BHO will be of a dead B/ue colour, and 
ſo much the deeper, by how much the nearer they lie to the line B HH; 
which is moſt deaded or _— and ſo much the more dilxte, by how 
much the nearer it approaches the line BR. Next on the other fide of 
the Ray AAN, theend A of the pulſe A H will be promoted, or made 
ſtronger, having its paflage already prepar'd as twere by the other parts 
preceding,and ſo its impreflicn wil be ſtronger;:And becauſe of its obliqus- 
z3 to the Ray,there will be propagated a kind of faint motion into QQ_ 
the adjacent dark or quiet #zed:77, which faint motion will ſpread fur- 
ther and further1into Q Q as the Ray is propagated further and further 
from A,namely,as far as the ine M A,whence all the trrangle MAN will 
be ting'd with a Aed, and that Ked will be the deeper the nearer.it ap- 
proaches the line MA, and the paler or yelower the nearer it isthe line 
NA. Andit the Ray be continued,fo that the lines AN and BR (which 
are the bounds of the Red and Bhre dilited) do meet and croſs each other, 
there will be beyond that interſection generated all kinds of Greer. + | 

Now.theſc being the proprieties of every lingle refracted Ray of light, 
it will be eaſte enough to confider what muſt be the reſult of very many 
ſuch Rays collateral : As if we fuppoſe infinite ſuch Rays izterjacert be- 
tween AKSB and ANOB, which are the terminating : For in this caſe 
the Ray A K S B will have ts Red triangle intire,as lying next to the dark 
or quiet zvediue, but the other fide of it BS will have no Blue, becauſe 
the zmedinm adjacent to it SB O, is moy'd or enlightned,and conſequent- 
ly that light does deſtroy the colour. So likewiſe will theRay ANOB 
lofe its Red,becaufe the adjacent medixm is mov 'd or enlightned, bur the 
other fide of the Ray that is adjacent to the dark, namely, AHO. will 
preſerve its Blxe entire, and theſe Rays muſt be fo far produc'd as till 
AN and BR cut eachother, before there will be any Greer: produc'd. 
From theſe Proprieties well conſider'd, may be deduc'd the reaſons of all 
the Phenomena of the priſme, and of the Globales or drops of Water which 
conduce to the production of the Rainbow. | 

Next for the impreſſion they make on the Retina, we will further ex- 
amine this Hypetheſrs : Suppoſe therefore ABCD EF. in the fifth Fignre, 
to repreſent the Ball of the eye: on the Cornea of which ABC two 
Rays GACH and KCAI (which are the terminating Rays of a lumi- 
nous body) falling, are by the refraction thereof colleCted or converg d 
into two points at the bottom of the eye. Now, becauſe theſe termi- 
nating Rays, and all the ;#termedzate ones which come from any part of 
the luminous body, are ſupposd by ſome ſufficient refraftion before they 
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enter the eye, to have their pulſes made oblique to their progreſſion, and 
conſequently each Ray to have potentially ſaperinduc'd two proprieties, 
orcolours,viz. a Red on the one fide, and a Blxe on the other, which not- 
withſtanding are never actually manifeſt, butwhen this or that Ray has the 
one or the other ſide of it bordering on a dark or unmov'd vedinm,there- 
fore as ſoon as theſe Rays are entred into the eye.and ſo have one fide of 
each of them bordering on a dark part of the humours of the eye, they 
will eachof them actually exhibit ſome colour; therefore ADC the pro- 
duction G A CH will exhibit a Blze, becauſe theſide C D is adjacent tothe 
dark »:ediumC Q DC, but nothing ofa Ked,becauſe its fide A Dis adjacent 
to the enlightned medium ADF A : Andall the Rays that from the points 
of the luminous body are collefted on the parts of the Retina between D 
and F ſhall have their B/ze ſo much the more diluted by how much the far- 
ther theſe points of colleCtion are diſtant from D towardsF; and the Ray 
AFC the production of K C AI, will exhibit a Red, becauſe the fide A F 
is adjacent to the dark or quiet medinm of the eye APF A, but nothing 
ofa Blue, becauſe its fide CF is adjacent to the enlightned medinm CF DC, 
and all the Rays from the intermediate parts of the luminous bedy thar 
are collefted between F and D ſhall have their Kedſo much the more di- 
luted, by how much the farther they are diſtant from F towards D. 

Now, becauſe by the refraQtion in the Corzea,and ome other parts of the 
eye, the ſides of each Ray, which before were almoſt parallel, are made 
to cozverge and meet in a point at the bottom of the eye, therefore that 
fide of theprlſe which preceded before theſe refractions, ſhall firſt touch 
the Retina, and the other fide laſt. And therefore according as this or 


that ſide, or end of the _ ſhall be impeded, accordingly will the i»- 


preſſions on the Retina be varied; therefore by the Ray GACH re- 
fraCted by the Corzea to D there ſhall be on that point a ſtroke or impreſ- 
fion confus'd, whoſe weakeſt end, namely, that by the line CD ſhall pre- 
cede, and the ſtronger. namely, that by the line AD ſhall follow. And 
by the Ray KCAI retracted to F, there ſhall be on that part a confus'd 
ſtroke or impreſſion, whoſe ſtrongeſt part,namely.that by the line C F ſhal 
precede, and whoſe weakeſt or impeded, namely, that by the line A F 
ſhall follow, and all the intermediate points between F and D will re- 
celve impreſſion from the convergd Rays ſo much the more like the im- 
_ on F and D by how much the nearer they approach that 
or t 

. From the conſideration of the propricties of which impreſſions, we ray 
collect theſe ſhort definitions of Colours : That Blue is an impreſſion on 
the Retina of an oblique and confus d pulſe of light, whoſe weakeſt part pre- 
cedes, and whoſe ſtrongeit follows. And, that Red 5s an impreſſion on the Re- 
tins of an oblique and confus dpulſe of light, whoſe ſtrongeſt part precedes,and 
whoſe weakeſt follows. 

Which proprieties,as they have been already manifeſted,in the Prilme 
and falling drops of Rain, to be the cauſes of the colours there generated, 
may be eaſily found to be the efficients alſo of the colours {appearing in 
thin laminated tranſparent bodies; for the explication of which, all this has 
been premiſed, And 
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. And that this iso, a little cloſer examination of the Pherorrena and 
the Figzre of the body, by this Hypotheſes, will make evident. 

For firſt (as we have already obſerved) the laminated body muſt be 
of a determinate thickneſs, that 1s, it muſt not be thinner then ſuch a de- 
terminate quantity 3 for I have always obſery'd, that neer the edges 
of thoſe which are exceeding thin, the colours diſappear, and the part 
grows white 3 nor mult it be thicker then ahother determinate quantity z 
for I have likewiſe obſerv'd, that beyond ſuch a thickneſs,no colours ap- 
pear'd, but the Plate looked white, between which two determinate 
thickneſſes were all the colour'd Rings; of which in ſome ſubſtances I 
have found ten or twelve, in others not half ſo many, which I ſuppoſe de- 
pends much upon the tranſparency of the laminated body. Thus though 
the conſecutions are the ſame in the ſcumm or the ſkin on the top of me- 
tals; yet in thoſe conſecutions the ſame colour is not fo often repeated 
as in the conſecutions in thin Glaſs, or in Sope-water, or any othet more 
tranſparent and glutinous liquor ; for in theſe I have obſerv'd, Red, Tel- 
low, Green, Blue, Purple ;, Red,Yellow,Green,Blue, Purple Red,Tellow,Green, 
Blue, Purple 5 Red, Tellow, &c. to ſucceed each other,ten or twelve times, 
but in the other more opacous bodies the confſecutions will not be half 
ſo many. 

And therefore ſecondly, the laminated body muſt be tranſparent, and 
this I argue from this, that I have not bcen able to produce any colour 
at all with an epacous body,though never ſo thin. And this I have oftery 
try'd, by prefiing a ſmall G/ebxle of Mercury between two tmooth Plates 
of Glaſs, whereby I have reduc'd that body to a much greater thinnefs 
then was requiſite to exhibit the colours with a tranſparent body, 

Thirdly,there muſt be a conftderable reflefting body adjacent tothe 
under or further ſide of the /a-97n4 or plate - tor this F always found, that 
the greater that refledtion was, the more vivid were the appearing 
colours. 

From which Obſervations.it is moſt evident,that the refleftion from the 
under or further fide of the bodyis the principal caufe of the production of 
theſe colours 3 which.that it rs ſo,and how it conduces to that etftect,T thall 
further explain in the following Figure,which & here deſcribed of 4 very 
oreat thickneſs, as if it had been view'd through the 4ficrofeope 5, and ts 
indeed much thicker than any 4ficroſcope(T have yet us'd)has been able to 
ſhew me thoſe colour'd plates of Glaſs, or 1/44ſcovie-glaſs, which bhave not. 
without much trouble view'd with it ; for though have endeavoured to 
magnifie them as much as the Glaſtes were capable of, yet are they ſo ex- 
ceeding thin, that have not hitherto been able politively to deeermine 
their thickneſs. This Figure therefore I here repreſent, 1s wholy Hy- 

etical. _ 

Let ABCDHFE in the fixth Figure be a fraſizz: of Mnſcony-glaſs, 
thinner toward the end AE, and thicker towards DF. Let us fivtt fup- 

fe the Ray 4g b coming from the Sun, or fome remore' luminous 
object to fall obliquely on the thinner plate BAE, part therefore is re- 
flefted back, by cg h &, the faſt Saperſicies; whereby the nar” 
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pulſe z & is after refleQion propagated by c d, cd, equally remote from 
each other with ab, ab, ſo that ag *gc, or bh* hd are either of 
them equal to 4a, as is alſo cc, but the body BAE being tranſparent,a 
part of the light of this Ray is refracted in the ſurface AB, an rape. 
pated by g kh to the ſurface EF, whence it is reflected and refradted 
again by the ſurface A B. So that after two refraCtions and one refleCtion, 
there is propagated a kind of fainter Ray e ## # f, whoſe pulle is not on- 
ly weaker by reaſon of the two refraCtions in the ſurface AB, but by rea- 
Go of the time ſpent in paſſing and repaſſing between the two ſurfaces 
AB and EF, ef which 1s this fainter or weaker pulſe comes behind the 
pulſe cd fo that hereby (the ſurfaces AB, and EF being fo neer toge- 
ther, that the eye cannot diſcriminate them from one) this confus'd or 
duplicated pulſe, whoſe ſtrongeſt part precedes, and whoſe weakeſt fol- 
lows, does produce on the Aetiza (or the optick nerve that covers the 
bottom of the eye) the ſenſation of a Tel/ow. 

And ſecondly, this Tel/ow will appear ſo much the deeper, by how 
much the further back rowards the middle between c d and cd the ſpu- 
rious pulſe ef is remov'd, as in 2 where the ſurface BC being further 
remov'd from E F, the weaker pulſe ef will be nearer to the middle, and 
will make an impreſſion on the eye of a Red. 

But thirdly, if the two refleCting ſurfaces be yet further remov'd aſun- 
der'(asin 3 CD and EF are) then will the weaker pulſe beſo farr 
behind, that it will be more then half the diſtance between cd and cd. 
And in this caſe it will rather ſeem to precede the following ſtronger 
pulſe, then to follow the preceding one, and conſequently a Blze will be 
generated. And when the weaker pulſe is juſt in the middle beween two 


ſtrong ones, then is a deep and lovely Pxrple generated ; but when the 
weaker pulſe ef is very neer to cd, then is there generated a Greer, 
which will be blzer. or yelower, according as the approximate weak pulſe 


does precede or follow the ſtronger. 
Now fourthly, ifthe thicker Plate chance to be cleft into two thinner 


Plates, as CDFE is divided into two Plates by the ſurface GH then 


from the compoſition ariſing from the three refleftions in the ſurfaces 
CD, GH, and EF, there will be generated ſeveral compounded or mixt 
colours, which will be very differing, according as the proportion be- 
tween the thickneſſes of thoſe two divided Plates CDHG, and GHFE 
are. varied. 

And fifthly, if theſe ſurfaces CD and FE are further remov'd aſunder, 
the weaker pulſe will yet lagg behind much further, and not onely be 
coincident with the ſecond, cd, but lagg behind that alſo, and that fo 
much the more, by how much the thicker the Plate bez. ſo that by de- 
grees It will be coincidext with the third c d backward alſo, and by de- 
grees, as the Plate grows thicker with a fourth, and ſo onward to a fifth, 
ixth, ſeventh, or eighth ; ſo that if there be a thin tranſparent body,that 
from the greateſt thinneſs requiſite to produce colours, does, in the man- 
ner of a Wedge, by degrees grow to the greateſt thickneſs that a Plate can 


be of;to exhibit a colour by the refle&tion of Light from ſuch a ——y_—— 
a 
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Thall be generated ſeveral conſecutions'of colours, whoſe order from the 
thin end towards the thick; ſhall be Te/ow,Red, Purple, Blue,Green'; Telow; 
Red,Parple,Blae.Green 5 Tellow, Red,Purple, Blue Greet; Tellow &c: 21d theſe 
ſo often repeated, as the weaker pulſe' does Joſe' paces with its Primary; 
or firſt pulſe; and is coincident with a ſecond, third, fourth,fifth.fixthie+c. 
pulſe behind the firſt. Atid this, as it 15 commcident;'or follows from the 
firſt Hypotheſſs I took of colours, ſo upon exeriment have I found it in mu]- 
titudes of inſtancesthat-ſeem to prove it. - One thing which ſeems of the 
greateſt contern in this Hyporheſes, 1s to determine the greateſt or leaſt 
thickneſs requiſite for theſe effects, which, though Thave not been want- 
ing in attempting, yet ſo exceeding thin are theſe coloured Plates, and fo 
imperfett our 2fcroſcope.that I have not been hitherto ſucceſsfull.though 
if my endeavours ſhall anſwer tny expettatiohs,[ ſhall hope to gratifie the 
curious: Reader with ſome things more remoy'd beyond our reach 
hitherto. 
Thus have with as much brevity as I was able, endeavoured to expli- 
cate (Hypothetrcally at leaſt) the cauſes of the Phenomena I formerly te- 
cited; on- the conſideration of which I have been the more particular. 
Firſt, becauſe I think theſe I have newly given are capable of expli- 
cating all the Phenomena of colours, not onely of thoſe appearing in the 
Priſme, Water-drop, or Rainbow, ahd in /aminated or plated bodies, but 
of all that are in the world, whether they be fluid or folid bodies, whe- 
ther in thick or thin, whether tranſparent, or ſeemingly opacous, as [ 
ſhall in the next Obſervation further endeavour to ſhew. And ſecondly, 
becauſe this being one of the two ornaments of all bodies diſcoverable 
by the fight, whether looked on wich, or without a 4ficroſcope, it ſeem'd 
to deſerve (ſomewhere in this Tract, which contains a deſcription of the 
Figure and Colour of ſome minute bodies) to be ſomewhat the more in- 
timately enquir'd into. | 


Obſerv. X. Of Meralline, and other real Colours. 


His inthe former Diſcourſe, from the Fundamental cauſe of Co- 
lour, made it probable, that there are but two Colours, and ſhewn, 
that the Phantaſomr of Colour is causd by the 1enfation of the oblique or 


uneven Hom of Light which is capable of no more varieties than two 


that ariſe from the two ſides of the oblique pulſe, though each of thoſe 
be capable of infinite gradations or degrees (each of them beginning 
from #hite, and ending the one in the deepeſt Scarlet or Telow, the other 
in the deepeſt le) I ſhall in this Seo ſet down ſome Obſervations 
which I have made of other colours, ſuch as 2etal/ire powders tinging 
or colour d bodies and ſeveral kinds of tinctures or ting d liquors, all 
which, together with thoſe I treated of in the former Obſervation will; 
I ſuppoſe, compriſe the ſeveral ſubjefts iv which colour 1s obſery'd to 
be inherent, and the ſeveral manners by vu it inheres, or is apparent 
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inthem. And here I ſhall endeavour to ſhew by what compoſition all kind 
of compound coloursare made, and. how there isno colour inthe world 
but may be made from the various degrees of theſe two colours, together 
with the intermixtures of Black and White. TRI (151 
And this being fo, as I ſhall anon ſhew, it ſeems an evident argument 
to me, that all colours whatſoever, whether in fluid or ſolid; whether 
In very tranſparent. or ſeemingly opecoxs, have the ſame efficient cauſe, 
to wit, ſome kind of refra7F;or whereby the Rays: that! proceed 
from ſuch bodies, have their pulſe ob/iquated or confusd in- the manner | 
explicated in the former Sedo: z that 1s, a Red is caus d by:a duplicated 
or confus'd pulſe, whoſe ſtrongeſt pulſe precedes,and a weaker follows : 
and a Blue is caus'd by a confus'd pulſe, where the weaker pulſe precedes, 
and the ſtronger follows. And according as theſe are, more. or-lefs, or 
variouſly mixt and compounded, {o are the ſenſations, and confequently 
the phantaſms of colours diverſified. EL 
| Toproceed therefore ; I ſuppoſe, that all tranſparent colour'd bodies, 
whether fluid or ſolid, do conſiſt at leaſt of two parts, or two kinds of 
ſubſtances, the one of a ſubſtance of a ſomewhat differing refra@ioz from 
the other. That one of theſe ſubſtances which may be call'd the tinging 
ſubſtance, does conſiſt of diſtinCt parts, or particles of a determinate big- 
neſs which are diſſeminated, or diſpers'd all over the other :; That theſe 
particles, if the body be equally and uniformly colour'd, are evenly 
'dand diſpersd over the other contiguous body ; That where the 
GE is deepeſt ting d, there theſe particles are rang d thickeſt; and 
where 'tis but faintly ting'd, they are rang 'd much thinner, but miformly. 
That by the mixture of another body that unites with cither of theſe, 
which has a differing refraGtion from either of the other, quite differing 
effects will be produc'd,that is,the conſecutiozs of the confus'd'pulſes will 
be much of another kind, and conſequently produce other ſenſations and 
phantaſms of colours, and from a Red may turn to a Blxe, or from a Blue 
to a Red, &c. 
Now, that this may be the better underſtood, I ſhall endeayour to ex- 
rw my meaning a little more ſenſible by a Scheme + Suppoſewe there- 
ore in the ſeventh Fgxre of the ſixth Schexze, that AB CD repreſents a 
Veſlel holding a ting 'd liquor, let I T I T I,&c. be the clear hquor.,and let 
the tinging body that is mixt with it be E E, &&c. FF, &r. GG, &«c. 
HH, &c. whoſe particles (whether round, or ſome other determinate 
Figureis little to our purpoſe) are firſt of a determinate and equal bulk. 
Next, they are rang'd into the form of 9#inrcanx, or Equilateroetriangs- 
kar order,which that bly they are ſo,and whythey are fo,[ ſhall ctfe- 
where endeavour to ſhew. Thirdly,they are of fuch a nature;as does either 
more eafily or more difficultly tranſmit the Rays of light then the liquor 
tf more cafily,a Blxe is generated, and if more difficultly, a Red or Scark?. 
And firit, let us ſuppoſe the tinging particles to be of a ſubſtance that 
does more zmpede the Rays of lighe, we ſhall find that the pulſe or 
wave of light moy'd from A D to B C, will proceed on,through the cor 
taining ezedium: by the pulſes or waves KK, LL, MM, NN, OO; bur 
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becauſe ſevetal of digle Rays that go, tothe conſtitution of theſt pulſes 
will be {lJugged or: {topped by the tinging particles E,F,G,Hs therefore 
there {hall-be a ſtrawdargahd weak pulſe that ſhall follow the Ray, names 
iy P P: which will be.the weaker: firſt, becauſe it has ſuffer'd many. re» 
fractions in. the peding; body; aext;: for that the Rays will bea little 
diſperst] ot-confus'dby reaſon of the refraction in-cach of the patticles, 
whether reiwd or arghders and this will be mote evident, if we a lictle 
more cloſely examine-any one particular tinging Globnle, - . 

Suppoſe we thetrfbre AB in the eighth Feure of the fixth' Scheme, to 
rep a'tioging G/obete of particle which has a greater refra@tioh than 
the liquor m-which'it is containd : Let CD be a part of the pulſe of light 
which is propagated through the containing wediuz:; this pulſe will ben 
little ſtopt or impeded by the Globwie, and fo by that time the pulle is 
paſttoE F'that part of it which has been impeded by paſſing through the 
Globnle, will get but ty-L M, and fo that pulſe which has been propa- 
yated through the G/obyle,: to wit, LM, NO, Þ Q,, will always come 
behind the pulſes EF, GH, IK, ec. gs teh 

- Next, by reaſon of the greater impediment in A B, and its Glbbulay Fi- 
gure, the Rays that paſsthrough it will be difpers'd, and very much ſear- 
ter d.Whence C A and D B which before went dire@ and parallel,will after 
the refraction in A B, diverge and ſpread by A P, and B Q ; fo that as the 
Rays do: meet with .more and more of theſe tinging particles in their 
way, by ſo teuch the more will tho pulle of light further lagg behind 
the clearer pulſe, or that which has fewer refractions, and thence che 
deeper will the colour be, and the fainter the light that is trajeQted 
throughitz for not onely many Rays are refle&ted from the ſarfaces of 
A B, but thoſe Rays that get through i are very much difordered. 

By this Hypobeſes there ts no one experiment of colour that I have yet 
met with, but may be, I conceive, very rationably folvd, and perhaps, 
had Itime toexamine feyeral particulars requiſite to the demonſtration 
of it, I might prove it more than probable, for all the experiments about 
the —_— and mizings of colours related in the Treatiſe of Colours, 
publiſhed by the comparable Mr. Boyle, and multitudes of others which 
I have obſerv'd, doo calily and naturally flow from thoſe principles,that 
Iam very apt to think it probable, that they own their production to no 
other ſecxndary caufe : Asto inſtance in twoor three experiments. In the 
twentieth Experiment, this Noble Azthour has ſhewn that the deep bluiſh 
prrple-colowr of Violets, may be turn'd into a Green, by Altalizate Salts, 
and toa Hed by acid; that is, a Pzrple confiſts of two colours, a deep Red, 
and a deep Blxe; when the Blze is diluted, or altered, or deſtroy'd by 
«cid Salts,the Red becotties predominant, but when the Red is diluted by 
Alcalizate, and the Blue heightned, there is generated a Greer for of a 
Red diluted, is made a Teow, and Yellow and Blue rhake a Greer. 

Now, becauſe the ſpariews pulſes which cauſe a Red and a Blse, do the 
one follow the clear pulte; and the other precede it, it uſually follows, 
that thoſe Saline refrafting bodies which do dihute the colour of the one, 
do deepen that of the other: And rhis wilt be made manifeſt by = 
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moſt all kinds of Parples, and many forts of Greezs, both theſe: colours! 
conſiſting ofmixt colours; for if we ſuppoſe A-and: A in the ninth Figure, 
to repreſent two pulſes of clear light, which follow each other ata con- 
venient diſtance, A A, each of which has a ſpu#riows pulſe preceding it, as 
BB, which makesa Blxe,and another: following it, as CC, which makes 4 
Red. the one caus'd by tinging particles that have a greater refraQtion,the 
other by others that have a leſs refracting quality then the liquor or 
Menſtrunm in which theſe are diflolv'd, whatſoever liquor does io alter 
the refradtion of the one, without altering that of the other part of the 
ting d liquor, muſt needs very much alter the colour of the liquor 3; for 
if the refrattivn of the difolvent be increas'd, and the refration of the 
tinging particles not altered, then will the preceding ſpariozs. pulſe be 
ſhortned or ſtopt, and not out-run the clear pulſe fo much 3 ſo that BB 
will: become EE, and the Bluc be diluted, whereas the other ſpurious 
pulſe which follows will be made to lagg much more, and be further be- 
hind AA than before, and CC will become Ff f, and fo the Telow or 
Ked will be heightned. 
' A 8alize\iquor therefore,mixt with another ting'd liquor,may alter the 
colour of it ſeveral ways, either by altering the tion of the liquor in 
which the colour ſwims : or ſecondly by varying the refrattion of the co- 
loured particles, by uniting more intimately exther with ſome particular 
corpuſeles of the tinging body, or with all of them, according as it has a 
corgruity to ſome more eſpecially, or toall alike: or thirdly, by unitin 
and interweaving it ſelf with ſome other body: that 1s already mn, 
with the tinging particles, with which ſubſtance it may have a congruity, 
though it have very little with the particles themſelves : or fourthly, it 
may alter the colour of a ting'd liquor by dif-joyning certain particles 
which were before united with the tinging particles, which though they 
were ſomewhat coxgruoxs to theſe particles, have yet a greater congruity 
with the newly infus d Saline menſtruum. -Tt may likewiſe alter the co- 
lour by further diſſolving the tinging ſubſtance into ſmaller and ſmaller 
particles, and fo diluting the colour 3 or by uniting ſeveral particles toge- 
ther as in precipitations, and ſo deepning it, and ſome ſuch other ways, 
which many experiments and compariſons of differing trials together, 
might eaſily inform one of. | 
From theſe Principles applied , may be made our all the varieties 
of colours obſervable, either in liquors, or any other ting'd bodies, with 
great eaſe, and I hope intelligible enough, there being nothing in the »0- 
tion of colour, or in the ſupposd production, but is very concervable, and 
may be poſlible. | 
The greateſt difficulty that I find againſt this Hypotheſis, is, that there 
ſeem to be more diſtin& colours then two, that is, then Yellow and Blue. 
This Objection is grounded on this reaſon, that there are ſeveral Reds, 
Which dzizted, make not a Saffron or pale Yellow, and therefore Red, or 
Scarlet ſeems to be a third colour diſtin from a deep degree of Yellow. 
To whichT anſwer, that Saffron affords us a deep Scarlet tinture,which 
may be dilated into as pale a Yellow as any, either by making a weak 0+ 
Jutzon 
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lation of the Saffron, by infuſing a ſmall parcel of it into a great quantity 
of liquor, asin ſpirit of Wine, or elſe by looking through a very thin 
quantity of the tincture, and which may be heightn'd into the lovelieſt 
Scarlet, by looking through a very thick body of this tinfture;or through 
a thinner parcel of it, which is highly 7»-pregzated with the tinging body, 
by having had a greater quantity of the Saffron difſolv'd in a Niafier Par- 
cel of the liquor. 

Now, though there may be ſome particles of other tinging bodies that 
givea lovely Scarlet alſo, which though dilzted never ſo much with liquor, 
or looked on through never ſo thin a parcel of ting'd liquor, will not yet 
afford a pale Yellow, but onely a kind of faint Red yet thisis no argu- 
ment but that thoſe ting 'dparticles may have in them the fainteſt degree of 
Yellow,though we may be unable to make them exhibit it;zFor that power 
of being diluted depending upon the diviſibility of the ting'd body, if T 
am unable to make the tinging particles ſo thin as to exhibit that colour, 
it does not therefore follow,that the thing is impoſſible to be done; now, 
the tinging particles of ſome bodies are of ſuch a nature, that unleſs there 
be found fome way of comminuting them into leſs bulks then the liquor 
does diſlolve them into, all the Rays that paſs through them muſt neceſ: 
farily receive a tincture ſo deep, as their appropriate refraCtionsand bulks 
compar'd with the proprieties of the — liquor muſt neceſſarily 
diſpole them to empreſs, which may perhaps bea pretty deep Yellow, 
or pale Red. 

And that this is not gratis diFum:, I ſhall add one inſtance of this kind, 
wherein the thing 1s moſt manifeſt. 

If you take Blue Salt, you ſhall find, that to afford the deepeſt Blue, 
which ceteris paribas has the greateſt particles or ſands; and it you fur- 
ther divide, or grind thoſe particles on a Grinditone, or porphyry ſtone, 
you may by comminuting the ſands of it, dilate the Blue intoas pale a one 
as you pleaſe, which you cannot do by laying the colour thin ; for where- 
ſoever any ſingle particle is, it exhibits as deep a Blue as the whole maſs. 
Now, there are other Blues, which though never ſo much ground, will 
not be diluted by grinding, becauſe conſiſting of very ſmall particles, ve- 
ry deeply ting d,they cannot by grinding be actually ſeparated into ſmal- 
ler particles then the operation of the fire, or ſome other diſſolving wen- 

ſtruum,has reduc'd them to already. 

Thus all kind of Metal/ine colours, whether precipitated, ſublint'd, cal- 
cin'd, or otherwiſe prepar'd, are hardly chang'd by grinding, as zltra 
marine is not more diluted; nor is Vermilion or Red-lead made of a more 
faint colour by grinding ; for the ſmalleſt particles of theſe which Thave 
view d with my greateſt Magnifying-Glals, if they be well enlightned, ap- 
pear very — ting'd with their peculiar colours; nor, thoughT have 
magnified and enlightned the particles exceedingly, could I in many of 


them, perceive them to be tranſparent, or to be whole particles, but the 
ſmalleſt ſpecks.that I could find among well ground Yermilion and Red- 
lead, ſeem'd to be a Red maſs, compounded of a multitude of leſs and leſs 
motes, which ſticking together, compos'd a bulk, not one thouſand thou-= 
ſandth part of the ſmalleſt viſible ſand or mote; And 
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And this I find generally in moſt Metallire colours, that though they 
conſiſt of parts ſo exceedingly ſmall,yet are they very _— ting d,they 
being ſo ponderous, and having ſuch a multitude of terreſtrial particles 
throng d into a little room ; ſo that 'tis difficult tofind any particle tranſ- 
parent or reſembling a pretious ſtone, though not impoſhble ; for Ihave 
obſerv'd divers ſuch ſhining and reſplendent colours intermixt with the 
particles of Cinnaber, both natural and artificial, before it hath been 

round and broken or flaw'd into Yermilier : AsT have alſo in Orpiment, 
Ked-leed, and Biſe, which makes me ſuppoſe, that thoſe metal/ire colours 
are by grinding, not onely broken and ſeparated aCtually into ſmaller 
pieces, but that they are alſo flaw'd and bruſed ,whence they, for the 
moſt part,become opacoxs,like flaw'd Cryſtal or Glaſs,@c. But for Smalts 
and verditures, Thave been able with a Aficroſcope to perceive their par- 
ticles very many of them tranſparent. 

Now. that the others alſo may be tranſparent, though they do not ap- 

ear ſo to the Hſicroſcope,may be made probable by this Experiment : that 
if you take ammel that is almoſt opacous, and grind it very well on 
a Porphyry, or Serpentine, the ſmall particles will by reaſon of their flaws, 
appear perfcaly opacous; and that 'tis the flaws that produce this opa- 
couſneſs, may be argued from this, that particles of the ſame Ammel much 
thicker if unflaw'd will appear ſomewhat tranſparent even to the eye; 
and from this alſo, that the moſt tranſparent and clear Cryſtal, if heated 
in the fire, and then ſuddenly quenched, fo that it be all over flaw'd, 
will a opacous and white. 

And that the particles of Metal/ine colours are tranſparent,may be argu- 
ed yet further from this, that the Cryſtals,or Yitriols - all Metals,are tranſ- 
parent, which ſince they conſiſt of wetal/ive as well as ſaline particles, 
thoſe zzetal/ize ones mult be tranſparent, which is yet further confirm'd 
from this, that they have for the moſt part, appropriate colours; ſo the 
vitriel of Gold is Yellow ; of Donoertlnn ſometimes Green; of Iron, 
green ; of Tinn and Lead, a pale White ; of Silver,a pale Blue, &*c. 

And next,the Selutipz of all Metals into wenſtruums are much the ſame 
with the 77triols, or Cryſtals. It ſeems therefore very probable, that 
thoſe colours which are made by the precipitation of thole particles out 
of the zxcuſiraums by tranſparent precipitating liquors ſhould be tranſpa- 
rent alſo. Thus Gold precipitates with oyl of Tartar, or ſpirit of Urine 1n- 
toa brown Yellow. Copper with ſpirit of Vrize into a Mucous blue, 
which retains its tranſparency, A wine of ſublimate (as the ſame 1I- 
Juſtrious AuthourlT lately mention'd ſhews in his 40. Experiment) precip:- 
tates with oy] of Tartar per deliquinm, into an Orange colour d preci- 

pitatez nor 1s It leſs probable, that the calcization of thole Vitrials by 
the fire,ſhould have their particles tranſparent : Thus Saccarum Saturni, 
or the Yitriol of Lead by calcination becomes a deep Orange-coltourd 
miniun,which is a kind of precipitatiox by ſome Salt which proceeds from 
the firez comman Y/itriel calciz'd, yieldsa deep Brown Red, ec. 

A third Argument, that the particles of Metalsare tranſparent, is, that 
bcing caſciz'd, and melted with Glaſs, they tinge the Glaſs with tranſpa- 
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rent colours. Thus the Catx of Silver tinges the Glaſs on which it is 'am- 
neal'd with a lovely Yellow,or Gold colour,e*c. 


And that the parts of Metals are tranſparent, may be farther argued: 
from the tranſparency of Leaf-gold, which held againſt the light, both” 


to the naked eye, and the Microſcope, exhibits a deep Green. And 
though I have never ſeen the other Metals laminated fo thin, that I was 
able to perceive them tranſparent, yet; for Copper and Braſs, if we had. 
the ſame conveniency for {am7»ating them,as we have for Gold,we might; 
perha ps,through ſuch plates or leaves,find very differing degrees of Blae, 
or Green; for it ſeems very probable, that thoſe Rays that rebound from 
them ting d, with a deep Yellow, orpale Red, as trom Copper, or with 
a pale Yellow,as from Braſs, have paſt through them ; for I cannot con- 
ceive how by reflection alone thoſe Rays can receive a tinCure, taking 
any Hypotheſis extant, 
So that we ſce there may a ſufficient reaſon be drawn from theſe in- 
ſtances, why thoſe colours which we are unable to dilute to the paleſt 
Yellow, or Blue,or Green, are not therefore to be concluded not to be a 
deeper degree of them ;. for ſuppoſing we had a great company of ſmall 
Globular etlence Bottles,or roundGlaſs bubbles.about the bigneſs of aWal- 
nut, fill d each of them with a very deep mixture of Subon, and that 
cvery one of them did appear of a deep Scarlet colour, and all of them 
together did ex/zbit at a diſtance, a deep dy d Scarlet body. It does not 
follow, becauſe after we have come nearer to this congeries,or maſs,and di- 
vided it into its parts, and examining each of its parts feverilly or apart; 
wefind them tohave much the ſame colour with the whole maſs; it does 
not, I ſay, therefore follow. that it we could break thoſe Globyles ſmaller, 
or any other ways come to ce a ſmallcr or thinner parcel of the ting'd 
liquor that fil'd thoſe bubbles.that that ting'd liquor mult always appear 
Red, or of a Scarlet hue, fince it Experiment be made.the quite contrary 
will enſue ; for'it is capable ot being dbted into the paleſt Yellow. 
Now.that Imight avoid all the Objections of this kind, by exhibiting 
an Experiment that might by ocular proot convince thoſe whom other 
reaſons would not prevail with, I provided me a P#iſmatical Glaſs, made 
hollow, juſt-iwthe form of a Wedge, ſuch as is repreſented in the tenth 
Fzeure of the fixth Scheme. The two parallelogram fides ABCD, ABEF; 
which metat a point, were made of the cleareſt Looking-gJafs plates well 
ground and poliſh'd that could get:theſe were joyn'd with hard cement 
tothe triangular tides, BCE; ADF, which were of Wood ; the Pat«Velo- 
era baſe BCEF, likewiſe was of Wood joyn'd onto the reſt with'tard 
cement, and the whole Priſmatical Box was exactly ſtopt every where, 
but onely alittle hole near the baſe was left, whereby the'Veſlel eould be 
fill'd with any liquor, or emptied againatpleafure, - | Fenty 
{:Oneof he Bones (for Fhad two of them) Tfill'd with a pretty deep 
tinfture of Alves, idrawn' onely with fair Water, and then ſtopt th&Hole 
with a piece'of Wax, then,by holding this Wedge againſt the Light,and 
looking throught, it was obvious enough to ſee the tinCture of the liquor 
near the edge ofthe Wedge where it was but m7 thin, to be a pale —_ 
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MicroGRAPHIA. 
well colour'd Yellow, and further and further from the edpe,: as the lj. 
uor grew thicker and thicker,this tincture appear d deeper and deeper, 
6 that near the blunt end, which was ſeven Inches fromthe edge and three 
Inches and an half thick ; it was of a deep and well colour'd Red, Now; 
the clearer and purer this tincture be, the more lovely will the de 
Scarlet be, and the fouler the tincture be, the more dirty w1ll the Red 
ar; fo that ſome dirty tin&tures have afforded their deepeſt Red 
much of the colour of burnt Oker or S$panih brown;others as lovely a co- 
four as Yermilior, and ſome much brighter z but ſeveral others, accord 
as the tintures were worſe or more tou), exhibited various kinds of Reds, 
of very dificring degrees. 

The other of theſe Wedges, I fill'd with a moſt lovely tinCture of Cop- 
per, drawn from the filings of ir,with ſpirit ot Vrize, and this Wedge held 
as the former againſt the Light, afforded all manner of Blues, from the 
fainteſt to the deepeſt,ſo that I was in good hope by thele two,to have pro- 
duc'd all the varieties of colours imaginable ; for I thought by this means 
to have been able by placing the two Paralelogram fides together, and 
the edges contrary ways,to have ſo mov d them to and fro one by another, 
as by looking through them in ſeveral places, and through feveralthick- 
neſſes, I ſhould have compounded, and conſequently have feen all thoſe 
colours, which by other like ccmpoſitions of colours would have enſued, 

But inſteed of meeting with what I look'd for, I met with ſomewhat 
more admirable ; and that was, that I found my ſelf utterly unable to ſee 
through them when placed both together, though they were tranſparent 
enough when aſunder ; and though I could ſee through twice the thick- 
neſs, when both of them were fill'd with the ſame colour'd liquors, whe- 
ther both with the Yellow, or both with the Blue, yet when one was fill d 
with the Yellow, the other with the Blue,and both looked through, they 
both appear'd dark, onely when the parts near the taps were look d 
through, they exhibited Greens, and thoſe of very great variety, as I exe 
pected, but the Purples and other colours, could not by any means make, 
whether I endeavour'd to look through them both againſt the Sun, or 
whether I plac'd them againſt the hole of a darkned room. * . - It, 

But notwithftanding this miſ-ghefling, I/proceeded on with my trial itt 
a dark room, and having two holes near [one another, I was able, by 
placing my Wedges againſt them, to mix the ting'd Rays that paſt through 
them, and fell on a ſheet of white Paper held at a comvienient diftance 
from them as I pleas'd ; fo that I could make the Paper appear of what 
colour I would,by varying the thickneſſes oh the Wedges, and conſequent» 
ly the tincture of the Rays that paſt through the two boles, :and ſome+ 
times alſo by varying the Paper, that is, iuſteed.of a white Paper, holding 
a gray, ora black piece of Paper. amaT compli io bh 
 Whence I experimentally found what I had before tmagin'd, that'all 


the yarieties of colours imaginable are produc'd fram ſeveral degrees of 


theſe two colours, namely, Yellow and: Blu, or the mizture of them 
with light and darkneſs, that is, white and. black. And all thoſe almoit 
infinite varieties which Limners and Painters ate able to: make by _ 
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pound! thoſe ſeveral colours they tay on thew Shels OF Palads, ate no- 
_ - , but fome campaſeium, made: up of wme one-or more, aral of 
ur, c3 -:7] 
Now, whereas it may here again be ebjected;thatineithet canthe Reds, 
be made out of the Yellows, added together,or lid on in greater or le& 
quantity, norcam the Yelows be made out of the Reds though laid ne-. 
ver ſo thin; and as for theaddition of White or Black, they donothi 
but either whiten ar darken the colours to-which they are added,and nor 
at all make them of any other kind of colour: as for inſtance, rermilion, 
by being temper'd with White Lead. daes not atall grow more Yellow, 
but onely there is made a whiter kind of Red. Nar does Yellow Oher, 
though laid never fo thick, produce thecolour of Fermilion, nor though 
it be temper'd with Black, does it at all make aRed; nay, though it 
temper'd with White, it will not afford a fainter kind of Yellow, ſuch as 
maltient, but onely a whiten'd Yellow ; nor will the Blues be a/uted or 
deepned after the manner I ipeak of, as Izdico will never afford fo fine a 
Blue as Ultramarine or Bife ; nor will 1,temper'd with Yermilion, ever af< 
ford a Green,though each of them be never ſo much temper d with white. 
To which I anfwer. that there is a great difference between dilatirg a 
colour and whitening of it ; far d;katiug a colour, ts tomake the colour'd 
parts more thin, fo that the ting'd light, which is made by trajecting 
thoſe ting'd bodies, does not receive io deepa tinfture ; but white ning 
a colour is onely an intermixing of many clear reflections of light 
among the fame ting'd parts ; deepning allo, and darkning or blacking a 
cotour, are very different 3 for deepming a colour, is to make the light 
paſs through a greater quantity of the ſame tivging body z and darkning 
or blacking a colour, is onely interpoling a multitude of dark or black 
ſpots among the ſame ting'd parts, or placing the colour in a more faint 
light. 
pie therefore.asto the former of theſe operations.that is,diluting and 
deepning, moſt of the colours usd by the Limners and Painters are 1n- 
capable of, to wit, Vermilion and Red-lead, and Oker, becauſe the ting'd 
parts arefo exceeding fmal], that the moſt curious Grindſtones we have, 
are not able to ſeparate them into parts actually divided fo tmall as the 
ting d particles are; for looking on the moſt curioutly ground Yer- 
milion, and Oker, and Red-lead, I could perceive that even thoſe fmall 
corpuſcles of the bodies they left were compounded of many pieces, that 
is, they ſeem'd to be ſmall pieces compounded of a multitude of leffer 
ting'd parts: each piece ſeeming almoſt like a piece of Red Glafs,or ting d 
Cryſtal all flaw'd; fo that unleſs the Grindſtone could actually divide 
them into ſmaller pieces then thoſe flaw'd particles were, which com- 
pounded that ting'd mote I could fee with my 2icroſcope, it would be 
impoſſible to dilute the colour by grinding, which, becauſe the fineſt we 
have will not reach to do in Vermilion or Oker, therefore they cannot at 
all, or very hardly be diluted. ad] 
Other colours indeed, whoſe ting'd particles are ſuch as may be made 
ſmaller, by grinding their colour, may be diluted. Thus ſeveral -_ the 
M 2 ues 
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| Blues may be diluted, as Smalt and Biſe : and Maſticut,which 1s my 


be made more faint : And even Vermilion it ſelf may,by too much grin 
ing, be brought to the colour of Red-lead, which 1s but an Orange colour, 
which 1s cont by all to be very much upon the Yellow. Now, though 
perhaps ſomewhat of this diluting of Vermilion by overmuch grinding 
may be attributed to the Grindſtone, or muller, for that ſome of their 
parts may be worn off and mixt with the colour, yet there ſeems not ve- 
ry much, for I have done it on a Serpentine-ſtone with a muller made of a 
Pebble, and yet obſerv'd the ſame effect follow. 

And ſecondly, as to the other of theſe operations on colours, that Is, 
the deepning of them, Limners and Painters colours are for the moſt part 
alſo uncapable. For they being for the moſt part gpacoxs; and that opa- 
conſacſs, as | ſaid before, proceeding from the particles, being very much 
flaw'd. unleſs we were able to joyn and re-unite thoſe flaw'd particles 
again into one piece, we ſhall not be able to deepen the colour, which 
fince we are unable to do with moſt of the colours which are by Painters 
accounted opacoxs, we are therefore unable to deepen them & adding 
more of the ſame kind. 

But becauſe all thoſe opacoxs colours have two kinds of beams or Rays 
reflefted from them.,that is, Rays unting'd, which are onely refleCted from 
the outward ſurface, without at all penetrating of the body.and ting'd 
Rays which are reflected from the inward ſurfaces or flaws after they 
have ſuffer'd a two-fold refraction ; and becauſe that tranſparent liquors 
mixt with ſuch corpxſcles, do,tor the moſt part, take off the former kind 
of reflection; theretore theſe colours mixt with Water or Oyl, appear 
much deeper than when dry.for moſt part of that white refleEcion from the 
outward ſurface 1s remov'd. Nay, ſome of theſe colours are very much 
deepned by the mixture with ſome tranſparent liquor, and that becauſe 
they may perhaps get between thoſe two aug and fo conſequently joyn 
two . of thoſe flaw'd pieces together; but this happens but ina 
very few. 

" Tama to ſhew that all this is not gratis diFam, I ſhall ſet down ſome 
Experiments which do manifeſt theſe things to be probable and likely, 
which I have here deliver'd. 

For, firſt, if you take any ting 'd liquor whatſoever, eſpecially if 1t be 
pretty deeply ting d, and by any means work it into a froth,the congeries 
of that froth ſhall ſeem an opacoxs body, and appear of the ſame colour, 
but much whiter than that of the liquor out of which it is made. For the 
abundance of refle(tions of the Rays againſt thoſe ſurfaces of the bubbles 
of which the froth conſiſts, does 1o en rebound the Rays backwards, 
that little or no light can paſs through, and conſequently the froth ap- 
Pears gpacons. 

Again, if to any of theſe ting'd liquors that will endure the boiling 
there be added a {mall quantity of fine flower (the parts of which through 
the Microſcope are plainly enough to be perceiv'd to conſiſt! of _ - 
rent corpyſcles) and ſuffer'd to boy] till it thicken the liquor, the maſsof 
the liquor will appear opaco##,and ting d with the ſame colour, but very 
much whiten'd, | Thus 
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Thus, if you takea piece of tranſparent Glaſs that is well colour'd, and 
by heating it, and then quenching it in Water, you flaw it all over, 
it will become opacoxs, and will exhibit the ſame colour with which the 
piece is ting d, but fainter and whiter, "73, 

Or, if you take a Pipe of this tranſparent Glaſs, and in the flame of a 
Lamp melt it, and then blow it into very thin bubbles, then break thoſe 
bubbles, and collect a good parcel of thoſe /amine together in a Paper, 
you ſhall find that a ſmall thickneſs of thoſe Plates will conſtitute an opa- 
coxs body, and that you may ſee through the maſs of Glaſs before it be 
thus lamirated, above four times the thickneſs: And beſides, they will 
now afford a colour by reflection as other opacoxs (as they are call'd) 
colours will, but much fainter and whiter than that of the Lump or Pipe 
out of which they were made. 

Thus alfo,if you take Patty, and melt it with any tranſparent colour'd 
Glaſs,it will make it become an opacoxs colour'd lump, and to yield a pa- 
ler and whiter colour than the lump by reflection. 

The fame thing may be done by a preparation of Aztimony, as has been 
ſhewn by the Learned Phyſiciaz, D* C. 24. in his Excellent Obſervations 
and Notes on Nery's Art of Glaſs; and by this means all tranſparent co- 
lours become opacoxs, or azzwels. And though by being ground they loſe 
very much of their colour, growing much whiter by reaſon of the multi- 
tude of fingle reflections from their outward ſurface, as I ſhew'd afore, 
yet the fire that in the nealing or melting re-unites them, and ſo re- 
news thoſe ſpurious reflections, removes allo thoſe whitenings of the co- 
lour that proceed from them. 

As for the other colours which Painters uſe, which are tranſparent,and 
usd to varmfh over all other paintintings, tis well enough known that 
the laying onof them thinner or thicker,does very much dzlxte or deepen 
their colour. 

Painters Colours therefore conſiſting moſt of them of folid particles, 
ſo ſmall that they cannot be either re-united into thicker particles by 
any Art yet known,and conſequently cannot be deepned ; or divided in- 
to particles ſo ſmall as the flaw'd particles that exhibit that colour, much 
leſs into ſmaller, and conſequently cannot be dzluted; It is neceſlary that 
they whichare to imitate all kinds of colours, ſhould have as many de- 
grees of each colour as can be procur'd. 

And to this purpoſe, both Limners and Painters have a very great va- 
riety both of Yellows and Blues, beſides ſeveral other colour'd bodies 
that exhibit very compounded colours, ſuch as Greens and Purples; and 
others that are compounded of ſeveral degrees of Yellow, or ſeveral de- 
grees of Blue, ſometimes unmixt, and ſometimes compounded with ſe- 
veral other colour'd bodies. 

The Yellows,* from the paleſt to the deepeſt Red or Scarlet, which 
has no intermixture of Blue, are pale . and deep Maſticut, Orpament, 
Emneliſh Oker, brown Oker, Red Lead. and Vermilion, burnt Engliſh Oker, 
and burnt brown Oker, which laſt have a mixture of dark or dirty parts 
with them, &c. 

Their 
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Their Blues are ſeveral kinds of Smalts, and Yerditures, and Biſe, and 
Uitramarine, and Indico, which laſt has many duty or dark parts inter- 
mixt with it. Sy. If 

Their compounded colour'd bodies, as Pi#k, and Ferdigreſe which are 
Greens, the one a Popingay, the other a Sea-greez; then Lac,which is a 
very lovely Purple. £228 : 

To which may be added their Black and White, which they alſo 
uſually call Colours, of each of which they have feveral kinds, ac 
Bone Black, made of Foory burnt in a cloſe Veſtel, and Blze Black, made 
of the fmall coal of #:{ow, or ſome other Wood 3 and Callers earth, 
which is.a kmd of brown Black, &c. Their uſual Whites are either ar- 
tificial or natural i#hite Lead, the laſt of which ts the beſt they yet have, 
and with the mixing and tempering theſe colours together, are they able 
ro make an imitation of any colour whatſoever : Their Reds or deep 
Yellows, they can dilute by mixing pale Yellows with them, and deepen 
their pale by mixing deeper with them; for it 1s not with Opacoxs co- 
lours as it is with tranfparent, where by adding more Yellow to yelloy, 
it is deepned, but in opacons dilated. Fhey can whiten any colour by mix- 
ing White with it, and darken any colour by mixing Black, or fome dark 
and dirty colour. And in a word, moſt of the colours, or colour'd 
bodies they uſe in Limning and Painting, are fuch, as though mixt with 
any other of their colours, they preſerve their own hue, - a mg in 
fach very ſmal parts difpers'd through the other colour d bodies, they 


both, or altogether repreſent to the eye a compoſuume of all; the eye be- 
Ing unable, by reaſon of their ſmalneſs, to diftinguiſh the peculiarly co- 


lour'd particles, but receives them as one intire compoſitum - whereas in 
many of thefe, the Mfcroſcope very eafily diſtinguiſhes each of the com- 
pounding colours diſtinct, and exhibiting its own colour. 

Thus have I by gently mixing Yermilion and Biſe dry, produc'd a very 
fine Purple,or mixt colour,but looking on it with the Aficroſcope, I could 
cafily diſtinguiſh both the Red and the Blue particles, which did not at 
all produce the Phartaſru of Purple. | 

To fumm up all therefore in a word, I have not yet found any ſolid 
colour'd body,that Ihave yet examind,perfettly opacoxs ; but thoſe that 
are leaſt tranſparent are etaline and Mineral bodies, whole particles ge- 
nerally, ſeeming either to be very ſmall, or very much flaw'd, appear 
for the moſt part opacoxs, though there are very few of them that I have 
look'd on with a Microſcope, that have not very plainly or circumſtant!- 
ally manifeſted themſelves tranſparent. 

And indeed, there ſeem to be fo few bodies in the world that are ir 
#1171138 Opacous, that I think one may make it a rational @xery, Whether 
there be any body abſolutely thus opacoxs 2 For I doubt not ar all (and I 
have taken notice of very many circumſtances that make- me of this 
mind) that could we very much improve the Aficroſcope, we might be 
able to ſce all thoſe bodies very plainly tranſparent, which we now are 
tain onely to gheſs at by circumſtances. Nay, the Object Glafies we 


yet make uſe of are ſuch, that they make many tranſparent bodies to the 
eye; 
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eye, ſcem opacons through them, which if we widen the Aperturea little; 
and caſt more light-or- the ob#Cts, and not charge the Glaſſes ſo deep, 
will again diſcloſe their tranſparency. 

' Now. as for all kirids of colours that are diffolvable in Water,or other 
liquors, there is nothing fo manifeſt, as that all thoſe ting'd liquors are 
tranſparent 3iand many of thein are capable of being diluted and com- 

unded or mixt with other colours, and divers of them are capable of 
| drm much chang'd and heightned, and fixt with ſeveral kinds of 
Saline menſtruums. Others of them-upon compounding, deſtroy or vi- 
tiate each others colours, and precipitate, or otherwiſe very much alter 
each otherstinfture. Inthe true ordering and dilutizg, and deepning, 
and mixing, and fixing of each of which, confiſts one of the greateſt my- 
ſteries of th Dyers; of which particulars, becauſe our Microſcope affords 
us very little information, ihall add nothing more at preſent ; but onely 
that with a very few tinCtures order'd and mixt after certain ways, too 
long to'be here fet down, I have been able to make an appearance of all 
the various colours imaginable, without at all uſing the help of Salts, or 
Saline menſlrunms to vary them. 

As: for the mutation of Colours by Saline mrenſirunms, they have al- 
ready been fo fully and excellently handled by the lately mention'd In- 
comparable Authowr,that I can add nothing.but that of a multitude of tri- 
als that L made, Thave found them exattly to agree with his Rules and 
Theories; and though there may be infinite inſtances, yet may they be 
reduc'd under a few Heads, and corpris'd within a very tew Rules. And 
generally I find, that Saline menſirnnms are moſt operative upon thoſe 
colours that are Purple, or have ſome degree of Purple in them, and up- 
on the other colours mach leſs. The ſpurions pulſes that compoſe which, 
being (as I formerly 'noted) ſb very neer the middle between the true 
ones, that a'ſinall variation throws them both toone fide, or both to the 
other, and ſo conſequently muſt make a vaſt mutation in the fortherly ap- 
pearinp'Colour. ra NN Fr | 
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- + Obſerv. 'X 1, Of Figures obſerv'd in ſmall Sand. 


"And 'penerally feerns to be nothing elſe but exceeding ſmall Pebbles, 
Jor tt leaſt ſome'very ſmall parcels of a bigger ſtone ; the whiter kind 
feerns through the A9#cro/cope to confilt of fmall tranſparent pieces of ſome 
pellacid body, each of them looking much like a piece of Ala, or Salt 
Gemand this kind of Sand isangled for the thoſt part itregularly,without 
any ceftaiſhape.,atethe gramles bf it are for the moſt part flaw'd,though 
amongſt mity-of rheti'ie iv not difficaſt to find ſome that are perfetly 
Ducid;Mkea piece of clear Cryſtal, and divers likewiſe moſt curtoufly 
pdaiwch after theminner of the bigger $tir7e of Cryſtal, or like the 
fmalf Diatjants I obſerv'd in contain/biines, of which I ſhall by and by re- 
hee; which 14 -partienbar ſeeniy to argue, that this kind of Sand is o- 
made 
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made by the comminution of greater tranſparent Cryſtaline bodies, but 
by the concretion or coagulation of Water,or ſome other fluid body. 

There are other kinds of courſer Sands, which are browner, and haye 
thcir particles much bigger z theſe, view'd with a Aficroſcope, ſeem much 
S 0 2 and more opacoxs ſubſtances,and moſt of them are of ſome irregy- 
larly rounded Figures; and though they ſeem not lo opacoms as to the 
naked eye, yet they ſeem very foul and cloudy, but neither do theſe want 
eurioully tranſparent, no more than they do regularly figur'd and-yell 
colour'd particles, as I have often found. OR 

There are multitudes of other kinds of Sands, which in many particu- 
lars, plainly enough diſcoverable by the 4:croſcope,differ both from theſe 
laſt mention'd kinds of Sands, and from one another: there ſeeming to be 
as great variety of Sands,as there is of Stones. And as amongſt Stones ſome 
are call'd precious from their excellency, ſo alſo are there Sands which 
deſerve the ſame Epithite for their beauty ; for viewing a {mall parcel of 
Eaſt-India Sand (which was given me by my highly honoured friend, Mr, 
Danicl Colwat!) and, ſince that, another parcel, much of the ſame kind, 
I found ſeveral of them, both very tranſparent like precious Stones, znd 
regularly figur'd like Cryſtal, Corniſh Diamants, ſome Rubies, e*c. and 
alſo ting'd with very lively and deep colours, like Knbys, Saphyrs, Eme- 
ralds, &c. Theſe kinds of granulsI have often found alſo in Ezgliſh Sand, 
And 'tis eafie to make ſuch a counterfeit Sand with deeply ting'd Glaſs, 
Fnamels and Painters colours. | 

It were endleſs to deſcribe the multitudes of Figures I have met with 
In theſe kind of minute bodies, ſuch as Spherical,0val,Pyramidal, Conical, 
Priſmratical, of each of which kinds I have taken notice. 

But amongſt many others, I met with none moxe obſervable than this 
pretty Shell (deſcribed in the Figure X. of the fifth Scheme), which, 
though as it was light on by chance, deſerv'd to have been omitted (1 
being unable to direct any one to find the like) yet for its.rarity'was it.not 
inconfiderable, eſpecially upon the account of the information. it may 
afford us. For by it we have a very good inſtance of the curioſity of Na- 
ture in another kind of Animals which are remov'd, by reaſon of their 
minuteneſs,beyond the reach of our eyes; fo that as there are ſeveral ſorts 
of Inſc&ts; as Mites, and others,ſo ſmall as not yet.tohave had any names ; 
(ſome of which I ſhall afterwards deſcribe) and ſmall Fiſhes, as Leeches 
in Vinegerz and ſmal vegetables, as Moſs, and Rgſe-Leave-plantss and 
{mall Muſhroms, as mould : ſo are there, it ſeems, ,{mall Shel:fiſh Jlike- 
wile, Nature ſhewing. her curioſity. in every Tribe of Animals, Yege- 
tables, and Minerals.  - | 1 1; }-> 7; rd ing 

I was trying ſeveral ſmall and ſingle Magnifying Glaſſes, and caſually 
viewing a parcel of white Sand, when I perceiv'd oneiof the grains axattly 
ſhap'd and wreath'd like a Shell, but endeavouring to; difti wihitwith 
my naked eye,it was ſo'very ſmall,that I was fain again tomakgwuſgafthe 
Glaſsto find it ; then, whileſt I thus logk,d on it, with-a Pin 1 ſ>paxated all 
the relt of the granules of Sand.and;fqund it, afteryafds toappear t9'the 
naked eye an excecding ſmall white ſpot, no biggesthanthe,ppjnt of a 
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Pin. Afterwards I view'd1e every way with a better 2iicroſcope;and fond 
{ron both fides, and edge:ways, to reſemble the Shell of a imall Waters 
Snail with a flat ſpiral Shell-2 it had ewelve' wreathings, a, b,#,' d;ie, 8c 
all 'very proportionably growing one- leſs than-anather toward the 
middle or center of the Shell; where there was a very finall round: white 
ſpot. I could not certaioly diſcover whether the Shell-wers hoſfow or 
not, but it feem'd fill'd with ſomewhat, and 'tis probable that 'it- might 
be petrify'd as other larger Shels often-are, ſuchas are mentien'dilathe 
ſeventeenth 0bſervaiior. ; | (+7 JT Hi 1071 Tels: 


re RY f bo; 


JP ” DDD Y” )Y” SY Ws ST YT ""Y"Y7Y '” LACAALAK ic {A TFF Ter Try _ — 
— 


Obſerv. X11; Of Gravel in Urine. 
[ Have often obſerv'd the Sand or Gravel of Urine! which ſcems'to/be 


a tartareoxs ſubſtance, generated out of a Saline and a terreſtrial ſub- 
ſtance eryta//izd together, in the torm of Tartar, ſometimes ſticking ty 
the ſides of the C'riza/, but for the moſt part ſinking to the bottom, and 
there lying in the form of coorſe common Sand; thele, through the 46- 
croſcepe, appear to be a company of ſmall bodies, partly tranſpatent, and 
partly epacons, ſome White, ſome Yellow, ſome Red, others of twore 


FRY IT 


rown and duſkie colours: jo Et 3: dfod 
The Figure of them is for the moſt part flat, in the manner of 8)ats, or 

ſuch like plated Stones, that is,cach of them ſeem to be mage up of ſeve- 
ral other thinner Plates, much like 24/covie Glaſs,or Egliſh gparr;to the 
laſt of which, the white plated Gravel ſeems maſt likely ; far they ſeem 
not onely plated like that, but their ſides ſhap'd alſo into Rhowbs, Rhows- 
boeids.,and ſometimes into Ref ergles and ſquares, Their bigneſs and Fipure 
may be ſeen in the ſecond Fizvre of the fixth P/ate,which repreſents about 
a dozen of them lying upon a plate ABCD.ſfome of which, as, 6, c, d, 
ſeem'd more regular than the reſt, and e, which wass ſmall one, ſtiek- 
ing on the top of another, was a perfect Khowboerd on the top, and had 
four Re axgular ſides. | x 

 Theline E' which was the meaſure of the Aficrofcope. is & part of an 
Exeliſh Inch, ſo that the greateſt bredth of any of them, exeeeded not 
+5. part of an Inch. | | 

Putting theſe into ſeveral liquors, I fond Of of Vitriel, Spirit 

Urive,and ſeveral other Saliwve menſtrinms to diflolve them; and the fi 
of theſe in leſs than a minute without Ebyllitron, Water,and ſeveral other 
liquors, had no ſudden operation upon them. This I mention, becauſe 
thoſe liquors that difolve them, firſt make them very white, not vitietivg, 
but rather reQifying their Figure, and thereby make them afford a very 
pretty objett for the Abcrofcape 


How great an — it would bets ſuch as are ttoubled with the 


Stone, to find ſome wenſtraue: that might diflolve thery without hurting 
the Bladder,is cafily imagin'd, {ince ſome ivjeFions made of ſuch bodies 
might likewiſe diſſolve the ſtone, which ſeems much of the fame nature. 
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tmay therefore, perhaps, be worthy ſome Phyſicians enquiry, whether 
=_ may not Layrom rin 7 mixt with the Urine 1n mich e Gravel 
orStonelies, which may again make it diflolve it, the hrſt of which ſeems 
by-it's regular Figures to have been ſometimes Cryſial;z,d out, of it... For 
whether this Cryſtal/ization be made in the manner as Aluw,Peter,&c, are 
eflized out of a cooling liquor, in which, by boyling they. have been 
diffolv;d; or whether it be made inthe manner of Tartarnum Vitriolatum, 
that is by the Coalitior of an acid and a Smlphureonus ſubſtance, it ſeems 
not impoſſible,but that the liquor it lies in,may be again madea diſolvext 
of it. But leaving theſe inquiries to Phyſicians or Chymilſts, to whom 
it docs more properly belong, I ſhall proceed. | ——_ Oi 
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Obſerv. XIII. Of the ſmall Diamants, or Sparks #n Flints, 
"NHancing to break a Flint ſtone in pieces, I found withia it a certain 
of apenrRa all cruſted over with a very pretty candied ſubſtance; fone 
of the parts of which, upon changing the poſture of the Stone, in reſpet 
of the Incident light, exhibited a number of ſmall, 'but ; very vivid re- 
fle&ions; and having made uſe of my Microſcope, I could perceive the 
whole ſurface of that cavity to be all beſet with a multitude of little 
Cryſtaline or Adamantine bodies, ſo curiouſly ſhap'd, that it afforded a 
not unpleaſing objec. | 
| Having conſidered thoſe vivid repercuſſions of light,I found them to be 
made partly from the plain external ſurface of theſe regularly figured 
bodies (which afforded the vivid refleGtions) and partly to be made 
from within the ſomewhat pelxcid body, that s,from ſome ſurface of the 
body,oppolite to that ſuperficies of it which was next the eye. r 
And becauſe theſe bodies were fo ſmall. that I could not well come to 
make Experiments and Examinations of them, I provided me ſeveral 
{mall firie of Cryſtals or Diamants, found in great quantities in Corr- 
wall.and are therefore commonly called Corniſh Diamants-- thele being 
very pel/ucid, and growing in a hollow cavity of a Rock: (as Thave been 
ſeveral times informed by thoſe that have obſerv'd them) much after the 
ſame manner as theſe do in the Flint ; and having beſides their outward 
ſurface very regularly ſhap'd, retaining very near the ſame Figures with 
ſome of thoſe I obſerv'd in the other, became a convenient help to me for 
the Examination: of the proprieties of thoſe kinds of bodies. f 
And firſt for the RefleQtions ; in theſe I found it very.obſetvable; That 
the brighteſt refleQions of light proceeded from within the pe/xcid body ; 
that is, that the Rays admitted through the pe//ucid ſubſtance in their 
gerting out on the oppoſite ſide, were by the contiguous and ſtrong re- 
eng ſurface of the Air very vividly reflefted, fothat more Rays were 
reflected to the eye by this ſurface, though the Ray in entring and getting 
out of the Cryſtal had ſuffer'd a doublerefraCtion, than there were from 


the outward ſurface of the Glaſs where the Ray had ſuffer'd no pſy 
| . nga. 
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MicroGrRaPHIa: 
' And that this was the ſurface of the Air that gave fo vivid a re-perenſ< 
ſcers I try'd by this means. I funk half of _ in Water, ſo that only 
Water was contiguous to the under furtace, and then the internal re- 
fleQtion was fo exceedingly faint, that it was ſcarce diſcernable. Again, 
] try'd to alter this vivid refle&tion by keeping off the Air, with a body 
not fluid, and that was by rubbing and holding my finger very hard 
inſt the under ſurface, fo as in many places the pulp of my finger did 
touch the Glaſs, without any izterjacext air between; then obſerving the 
reflection, I found,that whereſoever my hnger or {kin toucht the ſurface, 
from that part there was no reflection, but n the little furrows or creaſes 
of my ſkin, where there remain'd little ſmall lines of air,from them was 
return'd a very vivid reflection as before. Itry'd further, by making the 
furface of very pure Quickſilver to be contiguous to the under ſurface 
of this pe/xcid body, and then the rete&tion trom that was ſo exceeding- 
ly more vivid than from the air, as the refleQtion from air was than 
the refleftion from the Water; from all which trials I plainly aw, that 
the {trong refleQing air was the caule of this Phenomenor. | 

And this agrees very well with the Hypotheſis of light and Pel/xcid bo- 
dies which I have mention'd in the deſcription of J/vſcovy:glaſf; for we 
there ſuppoſe Glaſs to be a edixm,which does leſs refiſt the pulle of light, 
and conſequently,that moſt of the Rays incident on it enter into it,and are 
refratted towards the perperdicnlar 5 whereas the air I ſuppoſe to be a 
body that does more refiſt it, and conſequently more are re-percnſs'd then 
do enter it: the fame kind of trials have I made, with Cryſtaline Glaſs, 
with drops of fluid bodies, and ſeveral other ways.,which do all ſeem to 
agree very cxattly with this Theory. So that from this Principle well eſta- 
bliſh'd, we may deduce ſeveral! Corollaries not unworthy obſervation. 

- And the firſtis, thatit plainly appears by this, that the produQtion of 
the Rainbow is as much to be aſcribed to the reflection of the concave 
ſurface of the air, as tothe refraction of the Globular drops : this will be 
evidently manifeſt by theſe Experiments, 1f you foliate that part of a 
Glaſs-ball that is to refle& an Irs, as inthe Carteſtar Experiment, above 
 mentiond, the refieftions will be abundanely more ſtrong, and the co- 
Jours more vivid : and if. that part of the ſurface be touch'd with Watet, 
ſcarce affords any ſenſible colour at all. 

Next we learn, that the great reaſon why pel/ncid bodies beaten ſmall 
are white, is from the multitude of refledzons, not from the particles of 
the body, but from the cortignons ſurface of the air. And this is evident- 
Jy manifeſted, by filling the: Zzterſtitia of thoſe poiwder'd bodies with 
Water, whereby their whiteneſs. preſently difappears,. From the lame 
reaſon proceeds the whitencis of wany kinds of Sands; which jn tbe Ad» 
crofrope appear to be made up: of a muſtitude of little pelcrd bodies, 

-whotc brighteſt reflections: may by the MHicrofcope be plainly perceiv'd 
Ttocomefrom their internal-ſurfaces; and. much of the whiteneſs of 3t wa 
be deſtroy'd/ by the affifion of fair! Water to be contiguous to th 


- The whitene 6 alloof froth, is ar the moſt part tobe aſcribed to the 
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refletion of the light from the ſurface of the air within the Bubbles,and 
very little to the reflettion from the ſurface of the Water it ſelf: for this 
laſt refle&ion does not return a quarter ſo many Rays, as that which is 
made from the ſurface of the air,asI have certainly found by a multitude 
of Obſervations and Experiments. 
"The whiteneſs of Linner, Paper, Silk, &c. proceeds much from the 
fame reaſon, as the Microſcope will eaſily diſcovers for the Paper is made 
up of an abundance of pellucid bodies, which afford a very plentifull re- 
fletion from within, that is, from the concave ſurface of the air contigu- 
ous toits component particles 3 wherefore by the affuſion of Water,” Oyl, 
Tallow, Turpentine,&. all thoſe reflections are made more faint,and the 
beams of light are ſuffer'd to traject & run through the Paper more freely. 

Hence Gekeer we-may learn the reaſon of the whiteneſs of many bo- 

dies, and by what means they may be in part made pe//acid: As white 
Marble for inſtance, for this body is compoſed of a pellucid body ex- 
ceedingly flaw'd, that is, there are abundance of thin, and very fine 
cracks or chinks amongſt the multitude of particles of the body.,that con- 
tain in them ſmall parcels of air,which do ſo re-percxffand drive back the 
penetrating beams, that they cannot enter very _ within that body, 
which the Microſcope does plainly inform us to be made up of a Congeries 
of pel/acid particles. And I further found it ſomewhat more evidently by 
ſome attempts I made towards the making tranſparent Marble, for by 
heating the Stone a little, and ſoaking it in Oy], Turpentine, Oyl of Tur- 
pentine,e+c, I found that I was able to ſee much deeper into the body of 
Marblethen before ; and one trial, which was not with an unctuous fub- 
ſtance,ſucceeded better than the reſt, of which, when TI have a better op- 
poxtunity, I ſhall make further trial. - 

This alſo gives us a probable reaſon of the fo much admired Pheno- 
2ena of the Oculus Mundz, an Oval ſtone, which commonly looks like 
white Alabaſter, butbeing laid a certain time in Water, it growspellacid, 
and tranſparent, \and being ſuffer'd to lie again dry, it by:degrees loſes 
that tranſparency, and becomes:white as before: For the Stone being of 
a hollow ſpongie nature, hasin the firſt and'laft of theſe appearances, all 
thoſe pores fill'd with the obtunding and refleting air 3' whereas: in the 
ſecond, all thoſe pores are fill'd with: a medi}. that has nach the ſame 
refraction with the particles of the Stone; and:thereforethoſe two being 


contiguous, make,as'twere, one continacd medinzr, of which:more!is faid 


< 


inthe x5; Obſervation, .- 43 IIB] NY OLQAIVD'3. 200T (71 11} 19d .vy 049 91 
: [There area multitude of other Phenomina;jthat areiproducd from this 
ſame Principle{whichas it hasinotibecen takenchotice of by any:yer that] 
know; ſol think; upon more diligent obſervation; will it rotbefqund the 
leaſt-confiderable;/\Bur I have here onelyzimeto hint Hypotheſes, and wot 
to proſecute them(0 fully'as [could withgrmany of therwhiving a laſt 
extentitin the production -of a:niultitude.ofiPAenomena, whiahihave been 
by others,cither-not attemptet}t6 be:explain'th;or cle attribixed to ſome 
other cauſe than what I have aflign'd, and perhaps than the right; and 
therefore ſhall leave this tothe profecutiomotfuchas:haivemore teiflire : 
9k « #1 onely 
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onely before I leave it, I muſt not pretermit to hint, that by this Ptin- 
ciple, multitudes of the Phenomeza of the air,as about Mifts, Clouds, Me- 
teors, Haloes,&c. are molt plainly and ( | hwy mage explicable; multi- 
tudes alſo of the Phenomena in colour d bodies, as11quors, ee. are de- 
ducible from it. =_—_ oder 3 4s 

And from this I ſhall proceed to a ſecond conſiderable Phenoxenor 
which theſe Diamants exhibit, and that is the regularity. of their. Figxre, 
which isa propriety not leſs general than the former; It compriſing with- 
in its extent, all kinds of 2etals, all kinds of Aimerals,moſt Precious ſtones, 
all kinds'of $alts,multitudes of Earths,and almoſt all kindsof fluid, bodies, 
And this is ;another propiety, which, though alittle ſuperficially taken 
notice'of by ſome, has not, that I know, been ſo much as attenipted to 
be explicated by any. robe bo 4 | 

This propriety of bodies,asT think it the moſt worthy, and next in or- 
der to be conſider'd after the contemplation of the Globulay, Figare, fo 
have Tlong had a defire as wel asa determination to have proſecuted it if I 
had had an opportunity,having long ſince propos'd to my ſelf the method 
of my enquiry therein, it —— all the allurements that I think any 
enquiry is capable of: For,firſt I take it to proceed from'the moſt limple 


principle that any kind of form can come from, next.the Globular,, which 
was therefore the firſt I ſet upon, and what I have therein perform'd, I 
leave the Judicious Reader to determine. -For-as that form praceeded 
from a propiety of fluid bodies, which I have call'd Congraity, or Incorin 
gruity; ſoIthink, had I time and opportunity,.I could make probable; 


that all theſe regular Figures that are ſo conſpicuouſly varioxs and cwnri- 
ons, and do fo adorn and beautifie ſuch multitudes of bodies, as:E: have 
above hinted, ariſe onely from three or four ſeveral poſitions or poſtures 
of Globular particles,and thoſe the molt plain,obvious, and neceſtary:ton+ 
zuntions of ſuch figur'd particles that are poſſible; ſothat ſuppoling fuch 
and ſuch plainand obvious cauſes concurring; the coagulating particles 
muſt neceſlarily compoſe a body of ſuch a determinate regular Figure; 
and no other; and this with as much neceflity and.obviouineſs as atluid 
body encompaſt with a Heterogeneows- fluid muſt be'protruded: into:a 
 Spherwle or: Globe. And this I have - ad oc#lum demonſtated with a com- 
pany of bullets,and ſome few' other very.ſimple bedits; :fo thatthereiwas 
not any regular Figure, which I have hitherto met withall, of any:ofithoſe 
bodies that I have above-named, that could:not withthe comfiattion of 
bullets: or globules,: and one or two other bodies; 3mitate,  evemalmnalſt 
by ſhaking them together. And thus! for inſtance: may. we find that the 
Globular bullets will of themſelves,if put on an — that they 
may'run together, natyrally run-into. ai775a»gular order; compaſiby all 
the variety of figures that can be imagin'd to-be:madei out of xgiz/ateng! 
triangles ; and ſuch will you find;upontrial.,all: the ſurfaces of dlwetobte 
, compos'd of: For three bullets -lying'on a plain; as:clafo toopeianather as 
'they cars compoſe an-egquilatero-triaugular form;jagamAimthe pl8chexte. 
[Tf a fourth be::joyn'd to them on-either ſide as claſely asit cagyttityifour 
compoſ: the moſt regularRhombus conſiſting of two equilatereltviuxglea, 


as 
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as B. If a fiſth be joyn'd to themon either ide in as cloſe a poſition as ix 
cah, which is the propriety of the Textnre,it makes 4 Trapezoniw, or fout- 
fided Figure, rio of whoſe angles are 120. and two 60, degrees, as C, 
If a xth be added, as before, either it makes an equilateral trianyle as D, 
ora Rhomboeid, as E, or an RE Figure, as F, which is com- 
d of two primary Abombes, If a ſeventh be added, it makes eirher 

| aft eqpilatero-hexagonal Figure , as G, or ſome kind of ſix-lided F;- 
+, as BH, of I. Kod though there be never ſo many placed together, 


_ tay be rang'dinto ſome of theſe lately menti Figures, all the 
atples 


of which will be either 60. degrees, or 120. as the figure K, 
which is an #qwiangalar hexagonal Figure is compounded of 12. Globyler, 
or thay be of 25, or 27, 07 36,07 42, &c, and by theſe kinds of texture, 
or poſition of globular bodies,may you find out all the variety of regular 
ſhapes, inro which the ſmooth ſurfaces of Alux are form'd, as upon ex- 
amination any one may eaſily find ; nor does it hold only in ſuperficies,but 
in {olidity allo-for it's obvious that a fourth Globwle laid upon the third in 
this texture, compoſes a regular Tetrahedron, 'which is a very uſual Figure 
ofthe Crgats of Alum. And (to haſten) theres no one Figure into which 
#hmw is obſerv'd to be cryſtallized, but may by this texture of Globules 
be ithitared, and by no other. 

1could inſtance alſo in the Figure of See-ſelt,aud Sal-gems,that it ivcom- 
pos'd of atexturevf Globulks, placed in a cabrral form, as L, and that all 
the Figures ofthoſe Salts may be imitated by this texture of Globuler,and 
by to other whatſoever. And that the forms of Yierool and of Sult-Peter, 
avalſo of Cryſtal,Hore-froft, &c. are compounded of theſe ewo textures, 
but modulated by certain propricties: But I have not here cime to in- 
fiſt upon, as 1 have nor neither to thew by what means Globwies come to 
berhuscontext, and what thoſe Globwles are, and many other particulars 
requiſite toa full and intelligible explication of this iety of bodics, 
Nor haveThitherto found indeed an appronuilapal ing thein- 
ol fofarras1 tefign'd z nor doI know when I may, it requiring abun- 
e of time, and a great 'deal of aſſiſtance to gothrough with what 1 
deſipn'd; themodel'of which was this : | vy 
 Pixft x0 yet as xtaGand full a colleQtion as T could, of all the differing 
— =» %6 promae one bodies, ſome three or four ſeveral budies of 
. Secondly, with'them to get as cxact a Hiſtory as poſſibly I could learn 
CEE ons oye non 
eended to is Enquiry, as poſh 
feouldbbſeree. o __ TY 


1: Thirdly; tombke as many trials as upon experience I'could find:re- 

quis Galoons ns oagulationsdf ſeycral cryſallwing Salts 3for 
needfull inftrutioniand:1 100 in this Enquiry. 

-* Bounhhy, vo nike. ſeveral trial on (divers cehet badke, as Metals, 

Minerals, -and Stones, :by dillolving them ta doveral Mdrrſtruyncs, and 

wm, tote what Figuncs would: aziſc om thi devera! 

Filthly, 


_ 


.Mncrooraenhld, 
' Fidfthly, to: make Compoſitionsand Coagulations'of ſeverallSalts tos 
gether.cimo-the fame maſs, to obſerve-of what Figure the;produdt:of 
them would be; and in all, to note as many circumſtances as I ſhould 


tp,of xture.0 Fheſe bo- 
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Mojuble inthem ; The texture of thoſe bodies before;and'/after 
theprocels,” And this forthe Hiſtory. © #1247 id ing 
Next f6& the Solution, To haveexamin'd: by: what, and how! many 
a - s and fuch Figures, ations and effe&ts'could ' be produc'd 
ane ality; from all circumſtances well weigh'd, I ſhould have endea+ 
vaured to have ſhewn-which of them was moſt likely, and . (if the infor- 
mations by theſe Enquiries would have born it) to have demonſtrated 
which of them it muſt be, and was. + 003 po es 313: 
But to proceed; As Ibelieve it nextto the Globular the moſt ſimple; 
ſudo, inthe ſecond place, Judge it-not - leſs pleaſant ;- for that which 
makes: Enquiry pleafant, are, firſt a noble Ivertam that .promiſes to 
crown-the ſucceſsfull endeavour ; and ſuch muſt certainly the knowledge 
of the efficient and concurrent cauſes of all theſe curious Geometrical 
Figures be, which has made the Philoſophers hitherto to conclude nature 
in theſe things to'/play the Geometrician, according to that ſaying of 
Plato, '0 ei; yrwowhn, Ornext, a great variety of matter in the Enqui- 
ry 3 and here we meet with nothing leſs than the 4athewaticks of nature; 
having every day a new Figure tocontemplate,or a variation of the ſame 
in another body, .. - | | | 
. Which do afford usa third thing, which will yet more ſweeten the En- 
quiry,and that is,a multitude of jbratdps z weare not ſo much to.grope 
in the dark, as in moſt other Enquiries, where the 7zvertum is great ; for 
having ſuch a multitude of inſtances to compare, and ſuch eafic ways of 
enerating.or compounding and: of deftroying the form,as in theSo/ution 
and Cryſtallization of Salts, we cannot but learn plentifull information to 
roceed by. And this will further appear fromthe univerſality of the 
Þrinciple which Nature has made uſe of almoſt inall inanimate bodies. 
And therefote, asthe contetnplation of thern all conduces to the know- 
ledg of any one; ſo frotna Scientifical knowledge of any one does follow 
the ſame of all, and every one. 


And fourthly, for the uſefulneſs of this knowledge, when acquir'd, 


certaliily none can doubt, that conſiders that it caries us a ſtep for- 
watd' into the Labirinth of Nature; 'in the right way towards the end 
we propoſe our ſelyes in all Philoſophical Enquiries. So that knows 
ing what is the forth of Inanimate or Mineral bodies, we fhall be the 
better able to proceed in our next Enquiry after the forms of Vegeta- 

tive 


ution, or atingiuponthoſe | 


— 
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ve bodicsz, and. laſt of all, of Animate ones; Khat' ſeeming toibe the 
higheſt ſtep of natural knowledge:that the mind ofman is capableot. 
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But this was onely the Figure of the: Bearded hoar-froſt 3 -and as for the 
particles of other kinds of hoar-frofts, they feem'd far the moſt part irre- 
gular, orof no certainjFigure. Nay, the parts of: thoſe curious. branch 
ings, or vortices, that ufually in cold weather tarniſh the: ſurface of 
Glaſs, appear through the Afcroſcope very rude and unſhapen,:as do 
moſt other kinds of frozen Figures, which to the naked eye ſeem exceed- 
ing neat and curious, ſuch as the Figures of S»ow, frozen Uripe, Hail, 
ſeveral Figures frozen incommon Water,c. Same Obſervatiqns of each 
of which I ſhall hereunto annex, becauſe if well confider'd and ex- 
ami'nd; they may, perhaps, prove very inſtructive for the finding out of 
what I have endeavoured in the preceding Obſervation to, ſhew, tobe 
(next the Globular Figure which is causd by congruity, asT hope I have 
made probable in the fixth Obſervation) the maſt fimple and plain opera- 
tion of Nature, of which, notwithſtanding we are yet ignorant. + 


Several Obſeruables in the fix-branched Figures form'd onthe fur- 

face of Vrine by freezing. | 7d bay 

1 The Figures were all frozen almoſt even with the ſurface of the 
Orine 1nthe Veſle), but the bigger ſtems were a little proviivaut; above 
that ſurface, and the parts of thoſe ſtems which were neareſt the center 
(4) were biggeſt above the ſurface. 00A b 

2 Thave obſerv'd ſeveral kinds of theſe Figures, ſome ſmaller, ino big- 
gerthen a Two-pence, others ſo bigg, that I haye uy mealure found. one 
of its ſtems. or branches-above four foot long z and-'of theſe, ſome. were 
pretty round, having all their branches pretty neer alike ; other of them 


were more extended towards one fide, as uſually thoſe yery harge ones 
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M1crRocRAPHIA, 
wete, which I have obſerv'd in Ditches which have been fall of ul 
water. 

3 None of all theſe Figures I have yet taken notice of, had any regu- 
lar poſition in reſpect of one another, or of the ſides of the Vellel; nor 
did I find any of them <qually to exaCtneſs extendedevery way from 
the center 4. | 

4 Where ever there was a center,the branchings from it, a, ac, ad, 
ae, ef, ag, were never fewer, or more then ſix, which uſually concurr'd, 
or met one another very neer in the ſame point or center, 43; though 
oftentimes not exaCfly ; and were enclin'd to each other by an angle, of 
very nect fixty degrees, I ſay, very neer, becauſe, though having en- 
deavoured to meaſure them the: moſt acurately I was able, with the 
largeſt Compaſſes I had, I could not find any ſenſible variation from that 
meaſure, yet the whole fix-branched Figure feeming to compoſe a ſolid 
angle, they muſt necef{arily be ſomewhat leſs. 

5 The middle lines or ſtems of thefe branches, « b, ac, ad, ae, a f, a Tg, 
ſeem'd ſomewhat whiter, and a little higher then any of the intermediate 
branchings of theſe Figures and the center a, was the moſt prominent 
part of the whole Figure, ſeeming the apex of a ſolid angle or prramid, 
cach ofthe fix plains beinga little enclin'd below the ſurface of the Urzz. 

6 The lateral branchings iſſuing out of the great ones, ſuch as op, 
 q, &c. were each of them inclin'd to the great ones, by the ſame angle 
of about ſixty degrees.,as the great ones were oneto another, and always 
the bigger branchings were prominent above the leſs, and the leſs above 
the leaſt, by proportionate gradations. 

7 The lateral branches ſhooting out of the great ones, went all of then 
from the center, and each of them was parallel to that great branch, next 
to which it lay; ſo that as all the branches on one ſide were parallel to 
one another, ſo were they all of them to the approximate great branch, 
aspþ 0, qr, as they were parallel to each other,and ſhot from the center, 
ſo were they parallel alſo to the great branch 4 b. 

8 Some of the ſtems of the fix branches proceeded ſtraight, and of a 
thickneſs*that gradually grew ſharper towards the end, as ag. 

9 Others of the ſtems of thoſe branches grew bigger and knotty to- 
wards the middle, and the branches alſo as well as ſtems, from Cylinders 
grew into Plates, in a moſt admirable and curious order, ſo exceeding re- 
gular and delicate, as nothing could be more, as is viſible in ab, ac, ad, 
ae, af, but towards the end of ſome of theſe ſtems, they began again to 
grow ſmallerand to tecover their former branchings, as about k.and . 

10 Many of the lateral branches had collateral branches (it I may fo 
call them) as q#- had many ſuch as ſt, and moſt of thoſe again j#b- 
collateral, as vw, and theſe again had others leſs, which one may call /z- 
RG and theſe again others, and they others, &-c. in greater 

igures. 
” 1 The branchings of the main Stems joyn'd not together by any re- 
yu line,nor did one fide of the one lie over the other tide of the other, 


ut the ſinall colaftral and ſubcollateral branches did lic at top of one 
| O another 


MicroGRaAPHIA. 
another according to a certain order or method, which I always obſery'q 
to be this. 

12 That fide of a collateral or ſubcollateral, 8c. branch, lay over the 
fide of the approximate (as the feathers in the wing of a Bird) whoſe 
branchings proceeded parallel to the laſt biggeſt ſtem from which it 
ſprung,and not tothe biggeſt ſtem of all, unleſsthat were a ſecond ſtem 
backwards. 

13 This rule that held in the branchings of the Sexangular Figure held 
alſo in the branchings of any other great or ſmall ſtem, though it did 
not proceed from a center. ; 

14 The exaftneſs and curioſity of the figuration of theſe branches, 
was in every particular ſo tranſcendent, that I judge it almoſt impoſſible 
for humane art to imitate. 

15 Taſting ſeveral cleer pieces of this Ice, I could not find any Urin- 
04s taſte in them, but thoſe few I taſted, ſeem'd as inſjpid.as water. 

16 A figuration ſomewhat like this, though indeed in ſome particu- 
lars much more curious, I have ſeveral times obſerv'd in regulus martis 

ftellatms, but with this difference, that all the ſtems and branchings are 
bended in a moſt excellent and regular order, whereas in ce the ſtems 
and branchings are ſtreight, but 1n all other particulars it agrees with 
this, and ſeems indeed nothing but one of theſe ſtars,or branched Figures 
frozen on Urize, diſtorted, or wreathed a little, with a certain propor- 
tion : Zeadalſo that has Arſerick, and ſome other things mixt with it, I 
have found to have its ſurface, when ſuffer'd to cool, figured ſomewhat *' 
like the branchings of Vrize, but much ſmaller. 

17 But there is a PYegetable which does exceedingly imitate theſe 
branches, and that is, Fear, where the main ſtem may be obſerv'd to 
ſhoot out branches, and the ſtems of each of theſe /ateral branches, to 
ſend forth co/ateral, and thoſe ſabcol/ateral, and thoſe laters ſubcolate- 
ral, &c. and all thoſe much after the ſame order with the branchings, di- 
viſions, and ſubdiviſions in the branchings of theſe Figures in frozen 
Urine; ſothat if the Figures of both be well confider'd, one would gheſs 
that there were not much greater need of a ſeminal principle for the pro- 
duCtion of Feary, then for the produQtion of the branches of Urize, or 
the Stel/a zrartis, there ſeeming to be as much form and beauty in the 
one as In the other. 

And indeed, this Plant of Feary, if all particulars be well confider'd, 
will ſeem of as ſimple, and uncompounded a form as any Vegetable, next 
to Aould or Myfhromes, and would next after the invention of the torms 
of thoſe, deſerve to be enquir'd into; for notwithſtanding ſeveral have 
affirm'd it to have ſeed, and to be propagated thereby ; yet, though 
have made very diligent enquiry after that particular, I cannot find that 
there is any part of it that can be imagin'd to be more ſeminal then an- 
other : But this onely here by the by : 

. For the freezing Figuresin Urine, I found it requiſite, 

Firſt, that the Superfictes be not diſturbed with any wind, or other 

commotion of the air, or the like. X 
Secondly, 


MicrkocGcRaPHlA. 


Secondly, that it be 'not too long expoſed, fo as that the whole bulk 
be frozen.tor oftentimes,in ſuch caſes;by reaſon of the ſwelling the, of 7ce, 


or from ſome other cauſe, the curious branched Figures diſappear. 


Thirdly, :an artificial freezing with Sow and Salt, apply'd tothe ont= 
fide of the-containing' Veſlel, ſucceeds not well, unleſs there be' a very 


little quantity in the Veſlel. 


Fourthly. If you take any cleer and {ſmooth Glaſs, and wetting all the 
infide of it with Urize, you expole it to a very ſharp freezing, you will 


find it cover'd with a very regular.and curious Figure, 


I. 
Obſervables in figur d Sow 1-27 fo 


Expoſing a piece of black Cloth, or a black Hatt to the falling Sow, 

I have often with great pleaſure, obſerv'd ſuch an infinite variety of cu- 
riouſly figur'd $z0w, that it would be as impoſſible to draw the Figure 
and ſhape of every one of them, as to imitate exactly the curious and 
Geometrical Aechaniſmre of Nature in any one. Some coorle draughts, 
ſuch as the coldnelſs of the weather, and the 111 proviſions, I had by me 
for ſuch a purpoſe, would permit me to make, I have here added inthe 
Sccond Figare of the Eighth Scheme. | 

In all which Iobſerv'd, that if they were of any regular Figures, they 
were always branched our with fix principal branches, all of equal length, 
ſhape and make, from the center, being each of them inclin'd:to either of 
the next branches on either ſide of it, by an angle of ſixty degrees. 

Now, asall theſe ſtems were for the moſt part in one flake exactly of 
the ſame*make, ſo were they in differing Figures of very differing ones; 
ſo that in a very little time I have obſery'd above an hundred ſeveral cizes 
and ſhapes of theſe ſtarry flakes. F- 

The branches alſo out of each ſtem of any one of theſe flakes, were ex- 
attly alike in the ſame flake; fo that of whatever Figure one of the 
branches were, the other five were ſure to be of the ſame, very exactly, 
that is, if the branchings of the one were {mall Pera/elipipeds or Plates, 
the branchings of the other five were of the ſame; and o_, the 
branchings were very conformable to the rules and method obſerv'd be- 
fore, inthe Figures on Urize, that is, the branchings from each ſide of 
the ſtems were parallel to the next ſtem on that fide, and if the ſtems 
were plated, the branches alſo were the ſame; if the ſtems were very 
long, the branches alſo were fo, &c. | | 

Obſerving ſome of theſe figur'd flakes with a 4fcroſcope, I found them 
not to appear fo curious and exactly figur'd as one would have imagin'd, 
bur like Artificial Figures, the bigger they were magnify'd, the more 1r- 
regularites appear'd in them; but this irregularity ſeem'd aſcribable to 
the thawing and breaking of the flake by the fall, and not at all to the 
defect of the plaſtich virtue of Nature, whole curiolity in the formation 

of moſt oftheſe;kind of regular Figures,fuch as thoſe of Salt, Minerals,&c. 
O 2 appears 
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arsby the help of the Microſcope, to be very many degrees ſmaller 
r 4. the re —_ eye is able - perceive without it. 'And though one 
oftheſe fix-branched Stars appear'd here below much of the ſhape de- 
ſcribed in the Third Figzre of the Eighth Scheme 3 yet I am very apt to 
think.that could we have a ſight of one of them througha Aficroſcope as 
they are generated in the Clouds before their Figures are vitiated by 
external accidents,they would exhibit abundance of curioſity and neat- 
neſs there alſo, though never ſo much magnity'd : For fince I have ob- 
ſerv'd the Figures of Salts and Minerals to be ſome of them fo exceeding 
ſmall, that I have ſcarcely been able to perceive them with the Acroſcope, 
and yet have they been regular, and fince (as far as I have yet examin'd 
it) there ſeems to be but one and the ſame cauſe that produces both theſe 
effects, I think it not jrrational to ſuppoſe that theſe pretty figur'd Stars 
of Snow, when at firſt generated might be alſo very regular and exact. 


IIT. 
Several kinds of Figures in Water frozen. 


Putting fair Water into a large capacious Veilel of Glaſs, and expoſing 
it tothe cold, I obſerv'd after a little time, ſevera) broad, fiat, and thin 
lamine, or plates of Ice, croſſing the bulk of the water and one another 
very irregularly, onely moſt of them feem'd to turn one of their edgesto- 
wards that fide of the Glaſs which was next it, and ſeem'd ro grow, as 
*ewere from the infide of the Veſlel inwards towards the middle, almoſt 
like ſomany blades of Ferz. Having taken ſeveral of theſe plates out of 


water on the blade of a Knife, I obſerv'd them figur'd much after the 
manner of Herring bones, or Ferz blades, that is, there was one bigger 
{tem in the middle like the back-bone, and out of it, on either fide, were 
a multitude of ſmall ſt:rie, or zcicles, like the ſmaller bones,or the ſmaller 
branches in Fer, each of theſe branches on the one ſide, were parallel to 
all the reſt on the fame fide, and all of them ſeem'd to make an angle 
with the ſtem,towards the top, of ſixty degrees, and towards the bot- 
tom or root of this ſtem, of 120. See the fourth Figxre of the 8. Plate. 

I obſerv'd likewiſe feveral very pretty varieties of Figures in Water, 
frozen on the top of a broad flat Marble-ſtone, expos'd tothe cold with 
a little Water on it, fome like feathers, ſome of other ſhapes, many of 
them were very much of the ſhape expreſt in the fifth Figure of the 
9. Schewe, which is extremely differing from any of the other Figures. 

_ Tobſerv'd likewile, that the ſhootings of zce on the top of Water, be- 
ginning to freez, were in ſtreight priſzatice! bodies much like thoſe of 
roch-peter, that they croft each other ufua}ly without any kind of order 
or rule, that they werealways a little higher then the ſurface of the Wa- 
woes rp * arg _ =_ ” egrees thoſe interjacent =_ 

with Fe alfo, w ualhy d be as high as the fur- 
face of the reſt. 7 Tr Hao 18 | 

Io fakes of Ze that had been frozen on the topof Water to any con- 
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fiderable- thickneſs, I obſcrv'd thar both the upper and the under ſides 
of it were curiouſly quill'd, furrow'd, or grain'd, asit were, which:wherl 
the Sun ſhone on the Plate, was exceeding eaſily to be perceivid to be 
much afterthe ſhape of the lines in the 6. Figure cf the 8. 8cheme, thatis, 
they conſiſted of ſeveral ſtreight ends of parallel Plates, which were of 
divers lengths and angles to one another without any'certain order; : + 

The cauſe of all which regular Figures (and of hundreds of others; 
namely of Salts, Minerals, Metals, &c. which I could have here inſerted; 
would it not have been too long) ſeems to be deducible frotn the ſame 
Principles,which I have (in the 13. 0bſervation) hinted only, having not 
yet had rime to compleat a Theory of them. But indeed (whichT there 
alſo hinted) I judge it the ſecond ſtep by which the Pyramid of natu- 
ral knowledge (which is the knowledge of the form of bodies) is ro 
be aſcended: And whoſoever will climb it, muſt be well furniſh'd 
with that which the Noble Yerulam calls Scalar: IntelleFws; he muſt 
have ſcaling Ladders, otherwiſe the ſteps are fo large and high, there 
will be no getting up them, and conſequently little hopes of attaining 
any higher ſtation, ſuch as to the knowledge of the moſt ſimple principle 
of Vegetation manifeſted in Mould and Mufhromes, which, as I elſe- 
where endeavoured to ſhew, ſeems to be the third ſtep; for it ſeetmsto 
me, that the Intelle& ef man is like his body, deſtitute of wings, and 
cannot move from a lower toa higher and more ſublime ſtation of know- 
ledg,otherwiſe then ſtep by ſtep,nay even there where the way is prepar'd 
and already made paflible ; as in the Elemerts of Geometry, or the like, 
where it is fain to climb a whole ſeries of Propofitions by degrees, before 
it attains the knowledge of one Probleme. But if the aſcent be high, dif- 
ficult and above its reach, it muſt have recourſe to a novam organum, 
ſome new engine and contrivance, ſome new kind of Algebra, or Analy- 
tick Art before it can ſurmount it. 


—_— —— PE SOT ——t_—_—_—— 


Obſerv. XV. Of Kettering-ſtone, and of the pores of Inani- 
mate bodies, | 


'Fz Stone which is brought from Kettering in Northampton-ſhire,and 
digg'd out of a Quarry, as I am inform'd, has a grain altogether 
admirable, nor have 1 ay 4 or heard of any other ſtone that has the 
like. It is made up of an innumerable company of ſmall bodies, not all 
of the ſame cize orſhape, but for the moſt part, not much differing from 
a Globular form, nor exceed they one another in Diameter above three 
or four times; they appear to the eye, like the Cobb or Ovary of a Her- 
ring, or ſome ſmaller fiſhes, but for the moſt part, the mg: ſeem 
ſomewhar lefs, and not ſo uniform; but their variation from a perfe&t 
globular ball,ſfeems to be only by the preſſure of the contiguous bals which 


have alittle deprefſt and protruded thoſe touchr fides inward, and _ d 
the 
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ther fides as much outwards beyond the limits of a Globe ; juſt as 
= wendd happen,if a heap of exaCtly round Balls of ſoft Clay were heap'd 
upon one another ; or,-as I have often ſeena heap of ſmall Globules of 
Snickgthoer, redue'd to that form by rubbing it much 1n a glaz'd Veſt, 
with ſome {limy. or ſluggiſh liquor, ſuch as Spittle, when though the top 
of the upper Globules be very neer ſpherical, yet thoſe that are preſt 
upon by others , exactly imitate the forms of theſe lately mention'd 
grains. , E 

Where theſe grains touch each other, they are ſo firmly united or 
ſettled together, that they ſeldom part without breaking a hole in one 
or th'other of them, ſuch as a, 4, a, b,c, c, &c. Some of which frattions, 
as 4, 4, 4, 4, Where the touch has been but light, break no more then 
the outward cruſt, or firſt ſhell of the ſtone, whichis of a white colour, 
4 little daſh'd with a browniſh Yellow,and is very thm. like the ſhell of an 
Egg : and[I have ſeen ſome of thoſe grains perfectly reſemble ſome kind 
ofFeex.boch in colour and ſhape : But where the union of the coxtignous 
granules has been more firm, there the divulfion has made a greater 
Chaſm, asat b, b,6b, in ſo much that I have obſerv'd ſome of them quite 
broken in two, as at c, c, c, which has diſcovered to me a further reſem- 
blance they have to Eggs,they having an appearance of a white and yelk, 
by two differing ſubſtances that envelope and encompaſs each other. 

That which we may call the white was pretty whitiſh neer the yelk, 
but more duſkie towards the ſhell ; ſome of them I could plainly per- 
ceive to be ſhot or radiated like a Pyrites or agons z the yelk in ſome 
I faw hollow, in others filld with a duſkie brown and porous ſub- 
ſtance like a kind of pith. 

The ſmall pores, or i#terſtztia e e e e betwixt the Globules, I plainly 
ſaw,and found by other trials to be every way pervious to air and water, 
for I could blow through a piece of this " os of a conſiderable thickneſs, 
as eaſily as I have blown through a Cane, which minded me of the pores 
which Des Cartes allow his materia ſubtilis between the ethereal globules. 

The object, through the 4icroſcope, appears like a Congeries or heap 
of Pibbles, ſuch as I have often ſeen caſt up on the ſhore, by the work- 
ing of the Sea after a great ſtorm, or like (in ſhape, though not colour) 
a —p—_ of ſmall Globules of Quickſilver, look'd on with a Xficroſcope, 
when reduc'd into that form by the way lately mentioned. And per- 
haps, this laſt may give ſome hint at the manner of the formation of the 
former : For ſuppoſing ſome Lapideſcert ſubſtance to be generated, or 
ſome way brought (either by ſome commixture of bodies in the Sea it 
ſelf, or protruded in, perhaps, out of ſome ſubterraneoxs caverns) to the 
bottom of the Sea,and there remaining in the form of a liquor like Quick- 
filver, heterogeneoxs to the ambient Saline fluid, it may by the working 
and tumblings of the Sea to and fro be jumbled and comminuted into 
ſuch Globules as may afterwards be hardned into Flints, the lying of 
which one upon another, when in the Sea, being not very hard, by rea- 
ſon of the weight of the incompaſſing fluid, may cauſe the undermoſt to 
be a little,though not much, varied from a globular Figure, But this ovly | 
by the by. | Aﬀeer 
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After what manner this Kettering-ſtone ſhould be generated I cannot 
learn, having never been there to view the place, and obſervethecir- 
cumſtances ; but it ſeems to me from the ſtructure of it to be generated 
from ſome ſubſtance once more fluid, and afterwards by degrees growing 
harder, almoſt after the ſame manner as I ſuppoſed the generation of 
Flints to be made. ET 

But whatever were the cauſe of its curious texture, we may learn this 
information from it; that even in thoſe things which we account vile, 
rude,and coorſe, Nature has not been wanting to ſhew abundance of cu- 
riofity and excellent Mechaniſme. | 

. We may here find a Stone by help of a X4croſcope, to be made up of 
abundance of {mall Balls, which do but juſt touch each other, and yet 
there being ſo many contacts,they make a firm hard maſs, or a Stone much 
harder then Free-ſtone. 

Next, though we can by a Microſcope diſcern ſo curious a ſhape in the 
particles, yet to the naked eye there ſcarce appears any fuck thing'; 
which may afford us a good argument to think, that even in thoſe bodies 
alſo, whoſe textare we are not able to diſcern, though help'd with Aicro- 

ſcopes. there may be yet latent ſo curiousa Selcaneniing that it may abun- 
dantly fatisfie the curious ſearcher, who ſhall be ſo happy as to find ſome 
way to diſcover it. 

Next, we here find a Stone, though to the naked eyea very cloſe one, 
yet every way perforated with innumerable pores, which are nothing elſe 

ut the 72terſtitia,between thoſe multitudes of minute globular particles, 
that compoſe the bulk it ſelf; and theſe pores are not only diſcover'd by 
the Microſcope, but by this contrivance. 

I took a pretty large piece of this ſtone, and covering it all over with 
cement, ſave only at two oppolite parts, I found my ſelf able, by blowing 
in at one end that was left open, to blow my fpittle, with which I had wet 
the other end, into abundance of bubbles, which argued theſe pores to 
be open and pervious through the whole ſtone, which affords us a very 

retty inſtance of the porouſneſs of ſome ſeemingly cloſe bodies,of which 
kind I ſhall anon have occaſion to ſubjoyn many more, tending to prove 
the ſame thing. 

I muſt not here omit to take notice, that in this body there is not a 
gn faculty that ſhould ſo contrive this ſtructure tor any peculiar 
uſe of Vegetation or growth, whereas in the other inſtances of vegetable 
porous bodies, there isan anima, or forma informans, that does contrive 
all the Structures and Mechariſmres of the conſtituting body, to make 
them ſubſervient and uſefull to the great Work or Function they are to 

erform. And fo I gheſs the pores in Wood, and other vegetables, in 
Lea other Animal ſubſtances,to be as ſo many channels, provided by 
the Great and Alwiſe Creator, for the conveyance of appropriated juyces 
to particular parts. And therefore,that this may tend, or be pervious all 
towards one part,and may have impediments.as valves or the like, to any 
other ; but in this body we have very little reaſon to ſuſpect there ſhould 
be any ſuch deſign, for 'it is equally pervious every way, not onely = 

ward, 
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ward, but backwards,and fide-ways, and ſeerns indeed muchrather to be 
Homogeneows or fimilar to thoſe pores, which we may with great proba- 
bility believe to be the channels of pelucid bodies, not directed, or more 

any one way, then any other, being equally pervious every way, 

And, according as theſe pores are more or greater in reſpect of the iz- 

terſtitial bodies, the more tranſparent are the {o conſtituted concretes ; 

and the ſmaller thoſe pores are, the weaker Is the 2zpulſe of light com- 
municated through them, though the more quick be the progrels. 

LIpon this Occaſion, Ihope it will not be altogether unſeaſonable, if] 
propound my conjectures and Hypotheſis about the medium and con- 
veyance of light. = | 

I ſuppoſe then, that the greateſt part of the 7nterſtitia of the world, 
that lies between the bodies of the Sun and Starrs, and the Planets, and 
the Earth. to be an exceeding fluid body, very apt and ready to be 

mov d.and to communicate the motion of any one part to any other part, 
though never ſo far diſtant : Nor do I much concern my ſelf, to deter- 
mine what the Figure of the particles of this exceedingly ſubtile fluid 
medium muſt bez nor whether it have any interſtitiated pores or vacui- 
ties,it being ſufficient to ſolve all the Phenomena to ſuppole it an exceed- 
ingly fluid, or the moſt fluid body inthe world, and as yet impoſlible to 
determine the other difficulties. 

That being fo exceeding fluid a body,it eaſily gives paſlage tg all other 
bodies to move to and froin it. 

That it neither receives from any of its parts, or from other bodies; 
nor communicates to any of its parts, or to any other body, any impulſe, 
or motion in a direct line, that 1s not of a determinate quickneſs. And 
that when the motion is of ſuch determinate ſwiftneſs, it both receives, 
and communicates,or propagates an impulſe or motion to any imaginable 
diſtance in ſtreight lines, with an unimaginable celerity and vigour. 

That all kind of folid bodies confiſt of pretty maſite particles in re- 
ſpett of the particles of this fluid wedinmr, which in many places do fo 
touch each other,that none of this fluid »vedinm interpoſes much after the 
{ame mannner (to uſe a groſs fimilitude) asa heap of great ſtones compaſs 
one great corgeries or maſs in the midſt of the water. 

That all fluid bodies which we may call ta»gble, are nothing but ſome 
_ ſubtile parts of thoſe particles, that ſerve to conſtiture all #a7gible 

.. 

That the water, and ſuch other fluid bodies, are nothing but a 
congeries of particles agitated or made fluid by it in the ſame manner as 
the particles of Salt are agitated or made fluid by a parcel of water, in 
which they are diflolv'd, and ſubfiding to the bottom of it, conſtitute a 
fluid body, much more maſlie and > Ah and leſs fluid then the pure 
water it ſelf. | 

That theair on the other fide is a certain company of particles of quite 
another kind, that is, ſuch as are very much ſmaller, and more eaſfiely 
moveable by the motion of this fluid wediume; much like thoſe very ſub- 


tile parts of Cochere/,and other very deep tinging bodies, where by boy 
ma 
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{mall parcel of matters able to tinge and diffuſe it ſelf over a very great 
quantity of the fluid difſolvent ; or ſomewhat after that MM as 
ſmoak, andſuch like minute bodies, or ſteains, are obſerv'd to tinge a 
very great quantity of airz onely this laſt ſimilitude is deficient in one 
propniety, and that is a perpetuity or continuance in that ſtate of com- 
mixture with the air, but the former does more neerly approach to the 
ature and manner of the air's being diflolv'd by this fluid or Ether, 
And this Similitude wall further hold in theſe proprieties; that as thoſe 
tinftures may be increaſed by certain bodies,ſo may they be precipitated 
by others ; as I ſhall afterwardsſhew it to be very probable, that the like 
accidents happen even tothe Air it felt. 

Further, as theſe ſolutions and tinftures do alter the nature bf theſe 
fluid bodies,asto theit aptneſs to propagate a motion or impulſe through 
therh, even ſo does the particles of the Air, Water, and other fluid bo- 
dies, and of Glaſs, Cryſtal, &c. which are comtvixt with this bulk of the 
Atker. alter the motion of the propagated pulſe of light ; that is, where 
theſe more bulkie particles are more plentitull, and conſequently a lefler 
quantity of the #ther between them to be mov'd.there the rhotion muſt 
neceflarily be the ſwifter,though not ſo robuſt, which will produce thoſe 
effects, which I have (T hope) with ſome probability, aſcribed to itin 
the digreſſion about Colours, at the end of the Obſervations on Aduſ- 


eovy-g/afs, 


whey 


97 


Now, that other Stones, and thoſe which have the cloſeſt and hardeſt 


textures, aud feem (as far as we are able to diſcover with onr eyes, 
though help'd with the beſt 44:croſcopes) freeſt from pores, are yet not- 
withſtaading repleniſh'd with theta 5 an Inſtance or two will, I ſuppoſe, 
make more probable. = | 
A very ſolid and unflaw'd piece of cleer white 4arble, if it be well 
poliſh'd and glaz'd, has ſo curjoully ſmooth a ſurface, that the belt and 
moſt polithd ſurface of any wrought-glaſs, ſeems not tothe naked eye, 
nor through a icroſcope, to be more ſmooth, and Teſs porous. And yet; 
that this hard cloſe body is replenifh'd with abundance of pores, Þ think 
theſe following Experiments will ſufficiently prove. | 
. The. firſt is, That if you take ſuch a pjece, and for a pretty while boyl 
it in Turpentine and Oyl of Turpemtine, you ſhall find that the ftone will 
be all imbu'd with it ; and whereas before it look 'd more white, but more 
epacous, now it will look more "vs but be much thore tranſparent, 
andif you let it lie but a little while, and thet break off apart of it, you 
ſhall find the unftuous body to have penetrated it to fuch a determinate 
depth every way within the ſurface, This may be yet ealier try'd with 2 
piece of the ſatne Marble, a little warm'd in the fire,and then alittle Pitch 
or Tarr melted onthe top of it; for theſe black bodies, by their infinu- 
ating themſelves into the invifible pores of the ſtohe, ting it with ſo black 
a hue, that there can be ho further doubt of the truth of this aſſertion, 
that it abounds with ſmall imperceptible pores: oy by 
| Now, that other bodite'wil allo fink fo the pores of Marble, befides 
zx&uers, I have try d, and found; that Om Blue tincture made in 


ſpirit 
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ſpirit of Urine would very readily and eaſily fink into 1t, as would alſo 
ſeveral tin&ures drawn with ſpirit of Wine. 

Nor is Marble the only ſeemingly cloſe mr: <7 Pug kindsof 
Experiments may be found porous; for I have by this kind of Experi. 
ment on divers other ſtones found much the ſame effect, and in ſome, in- 
deed much more notable. Other ſtones I have found ſo porous, that with 
the Microſcope T could perceive ſeveral ſmall winding holes, much like 
Worm-holes,asI have noted in ſome kind of Parting by looking on 
the ſurface of a piece newly flaw'd off; forif otherwiſe, the ſurface has 
been long expos'd to the Air, or has been ſcraped with any tool, thoſe 


ſmall caverns are fill'd with duſt,and diſappear. : 
And to confirm this Conje@ure, yet further,l ſhall here inſert an excel- 


lent account,given into the Royal Society by that Eminently Learned Phy- 
fician, Doftor Goddard, of an Experiment, not leſs inſtructive*then curi- 
ous and accurate, made by himſelf on a very hard and ſeemingly cloſe 
ſtone call'd Oculus Mund;, as I find it preſery'd in the Records of that 


Honourable Society. 


_ A ſmall ſtone of the kind, call'd by ſome Authours, Oculus 
Mundi, being dry and cloudy, weighd 5 2 Grains. 

The ſame put under water for a night, and ſomewhat more, 

became tranſparent, and the ſuperficies being wiped dry, 


weighed 6 =; Grains. 


The difference between theſe two weights, 0 ;£ of a Grain. 
The ſame Stone kept out of water one Day and becoming 


cloudy again weighed, 52 Graines. 

Which was more then the firſt weight, 0 of a Grair. 

The fame being kept two Days longer weighed, 5 Graines. 

Which was leſs then at firſt, 02 of a Grair. | 

Being kept dry ſomething longer it did not grow ſenſibly 
lighter, 

Being put under water for a night and becoming again tranſ- 
parent and wiped dry, the weight was, 6; Grains, the fame 
with the firſt after putting in water, and more then the laſt 
weight after keeping of it dry, 0 of a Grain. 7 

Another Stone of the ſame kind being variegated with milky 
white and gray like ſome ſorts of Agates, while it lay under water, 


was alwaies invironed with little Bubbles, ſuch as appear in 
water 


_ 
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water 2 little betore boyling, next the fides of the Veſſel. 

There were alſo ſome the like Bubbles on the Surface of the 
water juſt over it, as if cither ſome exhalations came our of it, 
or that it did excite ſome fermentation in the parts of the water 


contiguous to it. 
There was little ſenfible difference in the tranſparency of this 


Stone, before the putting under water, and after ; To beſure the 
milky-white parts continuedas before, but more difference in 
weight then in the former. For whereas before the putting 
into the water the weight was 182. Graines. Aﬀer it had lyen 
in about four and twenty hours the weight was 202: Graines, fo 


the difference was, 1.5 Graines, 

The ſame Stone was infuſed in the water ſcalding hor, and fo 
continued for a while after it was cold, but gotno more weight 
then upon infuſing in the cold, neither was there any ſenfible 
Difference in the weight both cimes. 


In which Experiment,there are three Obſervables,that ſeem very mani- 
feſtly to prove the porouſneſs of theſe ſeemingly clole bodies: the firſt 
1s their acquiring a tranſparency, and loſing their whiteneſs after ſteeping 
in water, which will ſeem the more ſtrongly to argue it, 1f whatT have 
already faid about the making tranſparent, or clarifying of ſome bodies, 
as the white powder of beaten Glaſs, and the froth of ſome glutinous 
tranſparent liquor be well conſider'd; for thereby it will ſeem rational 
to think that this tranſparency ariſes from the infinuation of. the water 
(which has much the ſame refraction with ſuch ſtony particles, as may be 
diſcoverd by Sand view d with a 4ficroſcope)into thoſe pores which were 
formerly repleat with air (that has a very differing retraction, andcon- 
ſequently is very refleftive) which ſeems to be confirm'd by the ſecond 
Obſervable, namely, the increaſe of weight after ſteeping, and decreaſe 
upon drying. And thirdly,ſeem'd yet more ſenſibly confirm'd by the mul- 
titude of bubbles in the laſt Experiment. = LEE 

We find alſo moſt Acid Salts very readily to diſſolve and ſeparate the 
partsof this body one from another ; which is yet a further Argument to 
confirm the porouſteſs of bodies, and will ſerve as fuch, to ſhew-that 
evenGlaſs allo has an abundance of pores in it,ſmce there are ſeveral It- 
quors, that with long ſtaying ina Glaſs, will fo Corrode and eat intoit, as 
at laſt, to make it pervious to the liquor it contain'd; of which*F have 


warts, ances. (i; ol-0 20 aft 200651: 
Since therefore we find by other proofs, har, EO INED 
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which we think the moſt ſolid ones, and appear fo to our ſight, have not- 
withſtanding abundance of thoſe groſter kind of pores, which will ad- 
mit ſeveral kinds of liquors into them, why ſhould we not believe that 
' Giafs, and all other tranſparent bodies abound with them, lnce we have 

many other arguments, beſides the propagation of light, which ſeemto 
argue for it ? | : ; 5 
And whereas it may be objected, that the propagation of light is no 
argument that there are thoſe atomical pores in glaſs, ſince there are Hy- 
potheſes plauſible enough to ſolve thoſe Phenomena, by ſuppoſing the 
pulſe onely to be communicated through the tranſparent body. 

' 'To this I anſwer, that that Hypotheſis which the induſtrious Aoreanxs 
has publiſh'd about the {ſlower motion of the end of a Ray in a denſer 
2redinm,then in a more rare and thin,ſeems altogether unſufficient to ſolve 
abundance of Phenomena, of which this is not the leaſt confiderable,that 
it is impoſſible from that ſuppoſition, that any colours ſhould be gene- 
rated from the refra&ion of the Rays; for fince by that Hypotheſis the 
undulating pulſe is always carried perpendicular, or at right angles with 
the Ray or Line of direGion, it follows, that the ſtroke of the pulſe of 
light, after it has been once or twice refraCted (through a Priſme,for ex- 
ample) muſt affeCt the eye with the ſame kind of ſtroke as if it had not 
been refracted at all.' Nor will it be enough tor a Defendant of that Hy- 
potheſis, to ſay, that perhaps it is becauſe the refraCtions have made the 
Rays more weak, for if ſo, then two refraCtions in the two parallel ſides 
oi a &Hadrangular Priſme would produce colours, but we have no ſuch 
Phenomena produc d. 

There are ſeveral Arguments that I could bring to evince that there 
are in all tranſparent bodies ſuch atomical pores. And that there is ſuch 
a fluid body as I am arguing for, which is the-vedinre, or Inſtrument, by 
which the pulſe of Light is convey d from the lxcid body to the en- 
lightn'd, But that it being a ents from the Obſervations I was re- 
cording, about the Pores of Kettering Store, it would be too much ſuch, 
x I ſhould protraGt it too long; and therefore I ſhall proceed to the 
next Obſervation. | 


* 
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 Obſerv, XVI. Of Charcoal, or burnt Vegetables. 


Harcoal,or a Vegetable burnt black, affords an objeCt.no leſs pleaſant 
\_ than inſtructive'; 'for if you take a ſmall round Charcoal,and break 
It thort-with your fingers, you may perceive it to break' with a very 
imooth:and ileek ſurface, almaſt like the ſurface of black ſealing Wax 
this ſurface, if it be look'd on with an ordinary Microſcope, does manifeſt 
abundance of thoſe pores which are alſo viſible to the eye in; many kinds 
of: Wood, irang'd round: the pith, both a in kind of circular order, and a 
radiant one. Of theſe there are a multitude inthe ſubſtance of the Coal, 
Every; where -almalt: perforatipg and; grillivg it from cnd-to end; by 
tilt vdt ' 


means 


= 
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means of which, be the Coal never ſo long, you may eaſily blow through 
it ; and this you may preſently find, by wetting one end of it with Spittle, 
and blowing at the other. 3 

But this is not all, for beſides thoſe many great and conſpicuous irre- 
oular ſpots or pores, if a better Microſcope be made ule of, there will ap- 
pear an infinite company of exceedingly ſmall, and very regular pores, 
{o thick and ſo orderly ſet, and ſo cloſe to one another, that they leave 
very little room or ſpace between them to be fill'd with a folid body, for 
the apparent interſtitia, or ſeparating ſides of theſe pores ſeem ſo thinin 
ſome places, that the texture of a Honey-comb cannot be more porous. 
Though this be not every where ſo, the intercurrent partitions in 
ſome places being very much thickerin proportion to the holes. 

Moſt of theſe ſmall pores ſeem'd to be pretty. round, and were rang'd 
in rows that radiated from the pith to the bark; they all of them 
ſeem'd to be continued open pores, running the whole length of the 
Stick 3 and that they were all perforated, I try'd by breaking off a very 
thin ſliver of the Coal croſs-ways, and then with my 27icroſcope,diligent- 
ly ſurveying them againſt the light, tor by that means I was able to ſee 
quite through them. 

Theſe pores were ſo exceeding ſmall and thick,that ina line of them, 
7» part of an Inch long, I found by numbring them no leſs then 150. 
{mall pores; and therefore in a line of them an Inch long, muſt be no leſs 
then 2700. pores, and in a circular area of an Inch diameter, muſt be 
about 5725350. of the like pores; ſo that a Stick of an Inch Diameter, 
may containe no leſs then ſeven hundred and twenty five thonſand, be- 
ſides 5 Millions of pores, which would, I doubt not, ſeem even incredible, 
were not every one left to believe his own eyes. Nay, having ſince ex- 
amin'd Cocws, black, and green Ebony, LignumVite, &c. I found, that all 
theſe Woods have their pores, abundantly ſmaller then thoſe of ſoft light 
Wood ; in ſo much, that thoſe of Gzajacurm feem'd not above aneighth 
part of the bigneſs of the pores of Beech, but then the Tzterſtitia were 
thicker ; ſoprodigioutly curious are the contrivances, pipes, or {Juces by 
which the Sccxs nutritizs, or Juyce of a Vegetable is convey'd from 
place to place. 

This 0bſervation ſeems to afford us the true reaſon of ſeveral Phe- 
20-ena Of Coals ; as | 

Firſt, why they look black; and for this we need go no further then 
the Scheme, tor certainly, a body that has ſo many pores in 1t as this 1s dif- 
cover d to have, from each of which no light is reflefted, mult neceflarily 
look black, eſpecially, when the pores are ſomewhat bigger in proporti- 
on to the intervals then they are cut in the Scheme, black being nothing 
elſe but a privation of Light, or a want of reflection; and whereſover 
this refleCting quality is deficient, there does that part look black, whe- 
ther it be from a porouſneſs of the body, as inthisInſtance,or in a deadning 
and dulling quality, ſfuch-as I have obſerv'd in the Scoris of Lead, Tin, 
Silver, Copper, &c. | ', TR 

Next, we may allo as plainly ſee the reaſon of its ſhining quality, __ 
| tnat 
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that is from the even breaking off of the ſtick, the ſolid interſtitia 
having a regular termination or ſurface, and having a pretty ſtrong re- 
fleting quality, the many ſmall refleftions become united to the naked 
eye, and make a very pretty _ ſurface. | 

Thirdly.the reaſon of its hardneſs and brittleneſs ſeems evident, for ſince 
all the watery or liquid ſubſtance that moiſtn'd and toughn'd thoſe 7mer- 

itia of the more ſolid parts, are evaporated and remov'd, that which 
is left hehind becomes of the nature almoſt of a ſtone, which will not at 
all, or very little,bend without a div#lfor or ſolution of Its continnity. 

It is not my deſign at preſent, to examine the uſe and Mechaniſme of 
theſe parts of Wood, that being more proper to another Enquiry ; but 
rather to hint, that from this Experiment we may learn, 

Firſt, what is the cauſe of the blackneſs of many burnt bodies, which 
we may find to be nothing elſe but this; that the heat of the fire agi- 
tating and rarifying the wateriſh, tranſparent, and volatile water that is 
contain'd in them,by the continuation of that aCtion,does fo totally expel 
and drive away all that which before fill'd the pores, and was diſpers'd 
alſo through the ſolid maſs of it, and thereby caus'd an univerſal kind of 
tranſparency, that it not onely leaves all the pores empty, but all the 7r- 
zerſtitia alſo ſo dry and opacows, and perhaps allo yet further perforated, 
that that light onely is-reflefted back which falls upon the very outward 
edges of the pores, all they that enter into the pores of the body, never 
returning, but being loſt in it. 

Now. that the Charring or coaling of a body is nothing elſe, may be 
eaſily believ'd by one that ſhall conſider the means of its produdtion, 
which may be done after this, or any ſuch manner. The body to be 
charr'd or coal'd, may be put into a Crxcible,Pot,or any other Veſſel that 
will endure to be made red-hot in the Fire without breaking, and then 
cover'd over with Sand, ſo as no part of it be ſuffer'd to be open to the 
Air, then ſet into a good Fire, pd there kept till the Sand has continu'd 
red hot for a quarter, half, an hour or two, or more, according to the 
nature and bigneſs of the body to be coal'd or charr'd, then taking it out 
ofthe F le6,and letting it ſtand till it bequite cold,the body may be taken 
out of the Sand well charr'd and cleans'd of its wateriſh parts; but in the 
taking of it out, care muſt be had that the Sand be very neer cold, for 
elſe, when it comes into the free air, it will take fire, and readily burn 
away. 

This may be done alſoin any cloſe Veſſel of Glaſs, as a Retor?, or the 
like, and the ſeveral fluid ſubſtances that come over may be receiv'd in 
a fit Recipient, which will yet further countenatice this Hypotheſis : And 
their manner of charting Wood in great quantity comes much to the ſame 
thing, namely, an application of a great heat to the body, and preſerving 
it from the free acceſs of the devouring air; this may be eafily learn'd 
from the Hiſtory of Charring of Coal, moſt excellently deſcrib'd and 
publiſh'd by that moſt accompliſh'd Gentleman, Mr. John Evelin, in the 
L100, IO1, 103, pages of his Sylva. to which I ſhall therefore refer the cu- 
rious Reader that defires a full information of it. - i 

ext 


Next, we may learn what part of the Wood it is that is the combuſtible 
matter; for ſince we ſhall find that none, or very little of thoſe fluid ſub- 
ſtances that are driven over into the Receiver are combuſtible, and that 
moſt of that which is left behind is ſo, it follows, that the ſolid interſlitia 
of the Wood are the comb#yſtible matter. Further, the reaſon why un- 
charr d Wood burns with a greater flame then that which is charr'd, isas 

. evident, becauſe thoſe wateriſh or volatil parts iſſuing out of the fired 
Wood, every way, not onely ſhatter and open the body, the better for 
the fire to enter, but iſſuing out in vapours or wind, they become like 
ſo many little eolipiles, or Bellows, whereby they blow and agitate the 
fird part, and conduce to the more ſpeedy and violent conſumption or 
diflolution of the body. 

Thirdly, from the Experiment of charring of Coals (whereby we ſee 
that notwithſtanding the great heat, and the duration of it, the folid 
parts ofthe Wood remain, whileſt they are preſerv'd from the free acceſs 
of the air undiſiipated) we may learn,that which has not,that I know of, 
been publiſh'd or hinted, nay, not ſo much as thought of, by any; and 
that in ſhort is this. 

Firſt, that the Air in which we live, move, and breath, and which en- 
compaſſes very many, and cheriſhes molt bodies it encompaſiles, that this 
Air is the arenfiranm,or univerſal diflolvent of all Su/phureows bodies. 

Secondly, that this aGion it performs not, till the body be firſt ſuffi- 
ciently heated, as we find requiſite alſo to the diflolution of many other 
bodies by ſeveral other renſtrunms. 

Thirdly, that this a@ion of diſlolution, produces or generates a very 
great heat,and that which we call Fire; and this is common alſo to many 
diſlolutions of other bodies, made by wenſtrunms, of which I could give 
multitudes of Inſtances. 

Fourthly, that this aQion is perform'd with ſo great a violence, and 
does ſo minutely a&, and rapidly agitate the ſmalleſt parts of the coxe- 

__ matter, that it produces in the diaphanous medinm of the Air, the 
action or pulſe of light, which what it is, I have elſe-where already ſhewn. 

Fifthly,#hat the diſſolution of ſulphureous bodies is made by a ſubſtance 
inherent, and mixt with the Air, that is like, if not the very ſame, with 

that which is fixt in $a/t-peter, which by multitudes of Experiments that 
may be made with Seltpeter,will, I think,moſt evidently be demonſtrated. 

Sixthly, that in this diſſolution of bodies by the Air, a certain part is 
united and mixt, or diflolv'd and turn'd into the Air, and made to fly up 

and down with it in the ſame manner as a »eta/ine or other body dit- 
ſolv'd into any mrexflirunms, does follow the motions and progreſles of 
that avenſtrunm till it be precipitated. 

Seventhly, That as there is one part that is difſoluble by the Air,ſoare 
there other parts with which the parts of the Air mixing and uniting, 
do make -a_Coagulum, or precipitation, as one. may call it, which cauſes 
it. to be ſeparated from the Air, but this precipitate is 1o light, and in 
ſo ſmall and rarify'd or porous cluſters, that itis very volatil, and is cafily 


carry'd up by the motion ofthe Air,thoughafterwards,when the heat and 
agitation 
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agitation that kept it rarify'd ceaſes,it eaſily condenles,and commit with 
other indifſoluble parts, it ſticks and adheres to the next bodies it meets 
withallz and this is a certain Salt that may be extradted out of Sooy, 

Fighthly, that many indifloluble parts being very apt and prompt to 
berarify'd, and fo, whileſt they continue in that heat aud agitation, are 
lighter then the Ambient Air, arc thereby thruſt and carry dupwardy 
with great violence, and by that means carry along with them, not onely 
that Saline concrete I mention'd before, but many terreſtrial, or indiſ- 
ſoluble and irrarefiable parts, nay, many parts alſo which are diſlolyble, 
but are not ſuffer'd to ſtay long enough in a ſufficient heat to make them 
prompt and apt for that aQion. And therefore we find 1a Soot, not onely 
a part, that being continued longer in a competent heat, will be diſ- 
folv 'd by the Air, or take fire and burn; but a part alſo which s fixr, ter- 
reſtrial, and irrarefiable. F 

Ninthly, that as there are theſe ſeveral parts that will rarihe and fly, 
or be driven upby the heat, ſo are there many others, that as they are 
indifJoluble by the aerial wenſiruum,ſo arc they of ſuch ſJuggih and grof 
parts, that they are not ealily rarity'd by heat, and theretore cannot be 
rais'd by it ; the volatility or fixtnels of a body ſeeming to conliſt only in 
this, that the-one 1s of a texture, or has component parts that will be 
eafily rarify'd into the form of Air, and the other, that it has {uch as will 
not, without much ado,be brought to fuch a conſtitution ; and this is that 
part which remains behind in a white body call'd Aſhes, which containg 
a ſubſtance,or $alt,which Chymilts call A/ke/7:what the particular natures 
of each of theſe bodies are, I ſhall not here examine, intending it in an- 
other place,but ſhall rather add that this Hypstheſps does fo exactly agree 
with all Phenomena of Fire, and ſo genuinely explicate each particular 
circumſtance that I have hitherto obſery'd, that it is more then probable, 
that this cauſe whichT have aflign'd is the true adequate, real, and onely 
cauſe of thoſe Pheramena ; And therefore I ſhall proceed a little tur- 
ther, to ſhew the nature and uſe of the Air. 

Tenthly,therefore the difiolving parts of the Air are but few,that is,it 
ſcems of the nature of thoſe Saline mcnſtryums, or ſpirits, that have very 
much flegme mixt with the ſpirits, and therefore a {mall pazccl of it is 
quithly glutted, and will diflolve no more; and therefore unleſs ſome 

eſb part of this. emſiraume be apply'd to the body to be diſlolv'd, the 
aQtion ceaſes, and the body leaves tobe diſlolv'd and to ſhine, which is 
the Indication of it, though plac'd or kept ip the greateſt heat; whereas 
Saltpeter is a mexſiraum, when melted and red-hot, that abounds more 
with thoſe Diſſolvent particles, and therefore as a {mall quantity of it 
w1ll diſſolve a great ſulphureous body, ſo wil the diflolution be very 
quick ahd violent. _ 63-5 | h 

Therefore in the Eleventh place, it is obſervable, that, as in other 
ſolutions, if a copious and quick ſupply of freſh menſtranzs, though but 
weak, be poured en, or appliedo the difdkuble body, is quickly con 
lumesit:. So this wewfiraws of the Air, if by Bellows, 65any other fuch 
contrivance, it be copiouſly appJy'd to thc: (hining botly, lis fonnd to 


difdolve 
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diſſolve it as ſoon, and as violently as the more ſtrong menſtrunm of 
melted Nitre. ds __ 
Therefore twelfthly, it ſeems reaſonable to think that there isnþ ſuch 
thing asan Element of Fire that ſhould attract or draw up the flame; or 
towards which the tlame ſhould endeavour to aſcend out of a-defire or 
appetite of uniting with that as its Hoxrogezeal primitive and generatin 
Element ; but that that ſhining tranſient body which we call Flame, is 
nothing elſe but a mixture of Air, and volatil ſulphureous parts.of 'diſlo- 
luble or combuſtible bodies, which are ating upon each other whil(t 
they aſcend, that is, flame ſeems to be a mixture of Air, .and the com- 
buſtible volatil parts of any body, which parts the, encompaſſing Air 
does diſſolve or work upon, which aCtion,as it does intend the heat.of the 
aerial parts of the difſolvent,ſo does it thereby further rarifie thoſe parts 
that are aCting, cr that are very neer them, whereby they growing much 
lighter then the heavie parts of that 7erſtruum that are more remote;are h 
thereby protruded and driven upward; and this may be eaſily obſerv'd 
alſo in diflolutions made by any other menſtrunm, etpecially ſuch as either 
create heat or bubbles. Now, this action of the Mernſtunm, or 4ir, onthe 
ditloluble parts, 1s made with ſuch violence, or is ſuch, that it imparts 
ſuch a motion or pulſe to the d;apharoxs parts of the Air, asI have elſe- 
where ſhewn is requiſite to produce light. £2 tr, 
This Hypotheſis T have endeavoured to raiſe from-an Infinite of Ohſer-= 
vations and Experiments, the proceſs of which would be muck too/long 
tobe here inſerted, and will perhaps another time afford matter copjous 
enough for a much larger Diſcourſe, the Air being a Subje& which 
(though all the world has hitherto liv'd and breath'd in,and been uncon- 
verſant about)has yet been lo little truly examin'd'or explain'd,thata'dis 
ligent enquirer will be able to tind but very little information from what 
has been (till of late) written of it : But being once well underſtood, it 
will, I doubt not, inable a man to render an intelhgible, nay probable, if 
not the true reaſon of all the Phenomena of Fire, which, as 1t has been 
found by Writers and Philoſophers of all Ages a matter of no {mall dit- 
ficulty, as may be ſufficiently under(tood by their ſtrange Hypotheſes, and 
unintelligible Solutions of ſome few Phenomena of it; 10 will it prove a 
matter of no ſmall concern and uſe in humane affairs, asI thall elſewhere 
endeavour to manifeſt when I come-to ſhew the uſe of the Air in reſpi- 
ration, and for the preſervation of the life, nay, forthe conſervation and 
reſtauration of the health and natural conſtitution of mankind as; well as 
all other aereal animals, asalſo the uſes of this principle or propriety of 
the Air in chymical, mechanical, and other operations. In: this place I 
have onely time to hint an Hypotheſis, which, if God permit me hife and 
opportunity,, I may elſewhere proſecute, improve and publiſh, ;In,the 
mean time, before I finiſh this Diſcourſe, I muſt not-fqrget to acquaint the 
Reader,that having had the liberty granted me of making loms trials on 
a piece of Lig-nm foſſule ſhewn to the Royal Society, by the eminently 
Ingenious and Learned Phyſician, DoCtor Ext, who receiv dit for a Pre- 
ſent from the famous 1»gen7oſo Cavalliero de Pozzi,it being one of the —_— 
an 
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4tid beft pieces of Ligiam foſſile he had ſeen; Having (I lay) taken a 
{mall piece of this Wood, and examin'd it, I found it to burti inthe open 
Ait a4ltrioft Bke 6ther Wood, and infteed of a reſmous fmoak or fume, 
it yielded a very biturninous one, ſmelling tinch of that kind of ſent : But 
that which I chiefly took notice of, was, that cutting off a ſmall piece of 
ie, about the bigneſs of my Thumb, and charting it in a Cracible with 
Sand, after the thantier I above I I found 1t infinitely to abound 
with che ſmaller ſort of pores, fo extreme thick, and ſo regularly perfo- 
ratiti the ſubſtance of it lotg-ways, that breaking it off a-croſs, I found 
it to look 'very like att Honey-comb3 but as for any of the ſecond, or 
bipget kind of pores, I could not find that it had any 4 ſo that it ſeems, 
Whatever were the cauſe of its produCtion, it was not without thoſe 
Ftrdll kind of pores which we have onely hitherto found in Vegetable bo- 
dies: atid comparing them with the pores which I have found in the Char- 
E6als that I by this mearis made of ſeveral other kinds of Wood, I find it 
reſemble none {6 much as thoſe of Firr, to which it is not much unlike in 
Stain alſo, and ſeveral other proprieties. 

Atid therefore,what ever is by ſome, who have written of it,and parti- 
evilatly by Franciſco Stel/uto,who wrote a Treatiſe in Italian of that Sub- 
je&;which was Printed at Rome, 1637. affirm'd that it is a certain kind of 
Clay or Earth, which in tra& of time is turn'd into Wood,]I rather ſuſpe&t 
che quite contrary, that it was at fitſt certain great Trees of Fir or Pine, 
whe Dy ſotte Earchquake, or other _—_— came to be buried under 
the Earth,and was thereafter a long time's refidence(according to the ſe- 
Veral natures of the encompaſling adjacent parts)either rotted and turn'd 
to 4 kind of Clay, or perrify's and turn'd into a kind of Stone, or elſe 
had its pores fill'd with certain Mineral juices,which being ſtayd in them, 
and ir! tra of tithe coagulated, appear'd, upon cleaving out,like ſmall 
Metalitie Wires, or cle from ſome Hoo or ſcorching forms that are the 
occaſfon oftetititnes,and uſually accompanyEarthquakes,might be blaſted 
afid turh'd into Coal, or elfe from certain ſabterrezeons fires Which are 
affirm'd by that Authour to abound much about thoſe parts (namely, in 
a Province of Daly, calld Vtbria, now the Dntehie of Spolerto, in the 
Territory of Tod; afciently call'd Twdor;and between the two Villages of 
Eoleſecto and ws py not far diſtant from the high-way leading to Rowe, 
Where it is found in greater quantity then elſewhere)are by reaſon oftheir 
being encompaſſed with Earth, and ſo kept cloſe from the diflolving Air, 
tharr'd and converted ihto Coal. It would be too long a work to de- 
ſcribe the ſeveral Kinds of pores which I met withall, and by chismeans 
diſtovered ih ſeveral other Vegetable bodies s nof is it my preſent deſign 
ro expatiate upo0h Inſtances of rhe ſarte kind, but ratherro pive a Spe- 
EfthH of 4s _ kinds as Thave hat oppottunity as yet of abſerviny, re- 
mm» fer p ution and cnhlatging on particulars till a more kit op- 
portutity ; ahd ib proſecution of this defigh. I ſhall here add: 
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Obſerv.. XV I 1. Of Petrify'd wood, and other Perrify'd bas; : 


F this fort of ſubſtance, I obſcrv'd ſeveral pieces of verydiffering 
kinds, both for their outward ſhape, colour, grain, texrnre; hard- 
neſs, &*c. ſome being brown and rediſh; others gray, like a Hone 3others 
black, and Flint-like : ſome ſoft, like a Slate or. Whetſtone, others ashard 
as a Flint, and as brittle: That which Imore particular examin'd;was a 
pieceabout the bigneſs ofa mans hand, which ſeem'd:to have beetra part 
of ſome Jarge tree, thatby rortennels had been broken off from it: before 
it began.tobepetrifyd. irres 11941 694 af 
And indeed, all that I have yet ſeen, ſeem to have been rotten Wood 
before the petrifaction was begun; and not long fince, examining and 
viewing a huge great 04k, that ſeem d with meer age to be rotten as it 
ſtood, I'was very much confirm'd in this opinion; for I found, that the 
prain, colour, and ſhape of the Wood, was exattly like this petrify'd ſub- 
itance z and with a 47croſcope, I found, that all thoſe Xicroſcopical:pores, 
which in ſappy or firm and found Wood are fill'd with the natural or in- 
nate juices of thoſe Vegetables, in this they were all empty, like thoſe 
of Vegetables charr d;, but with this difference, that they ſeem'd much 
larger then I have ſeen any in Char--oals; nay, even then thoſe of Coals 
made of great blocks of Timber, which are commonly call'd 0ld-coals. 
| Thereaſon of which difference may probably be, that the charring of 
Vegetables; being an operation quickly perform'd,and whileſt the Wood 
1s ſappy, the more ſolid arts may more eaſily ſhrink together, and con- 
tract the pores or interſlitic between them, then in the rotten Wood, 
where that natural juice ſeems onely to be waſh'd away by advextitious 
or unnatural moiſture; and ſo though the natural juice be waſted from 
between the firm parts, yet thoſe parts are kept aſunder by the adverti- 
tions moyſtures, and fo by degrees ſettled in thoſe poſtures; 45 
And this I likewiſe found in the petrify d Wood, that the pores were 
ſomewat bigger then thoſe of Charcoal, each pore being neer upon halt 
as bigg again, but they did not bear that diſproportion which is exprelſt 
in the tenth Scheme, between the fmall ſpecks or pores in the firſt Ft- 
gure (which repreſenteth the pores of Coal or Wood charr'd) and the 
black ſpots of the ſecond Figure (which repreſent the like Aicroſcopical 
pores in the petrify d Wood) for theſe laſt were drawn by a Microſcope that | 
magnify'd the object above ſix times more in Diameter then the Acro- | 
ſcope by which thoſe pores of Coal were obſerv'd.; 1g 4 
- Now, thongh they were a little-bigger, yet did they keep the exact 
figure and order of the potes of Coals and of rotten;'Wood,; which laſt 
alſo were much of the ſame cize. .-'; | | LEES 
The 6ther Obſervations on this pefrifj'd ſubſtance; that a while ſince, 
-by the appointment of the:Royel Soriety, I made,:and preſented to. them 


an account: of. were theſe that follow, which had the honour — 
| | "WI y 
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e moſt accompliſh'd Mr. Eveliz, my highly honour'd friend, to be 
An i and oublithed among thoſe excellent Obſervations wherewith 
his $ylva is repleniſh'd, and would therefore have been here omitted, had 
not the Fipure of them, asthey appear'd through. the Microſcope been 
before that engraven. 
"This Petrif ſubſtance reſembled Wood, in that | 
Firſt, all the parts of it ſeem'd not at all dif/ocated, or alter'd from 
their natural Poſition, whilſt _ were Wood, but the whole piece re- 
tain'dthe exact ſhape of Wood, having many of the conſpicuous pores 
of wood ſtill remaining pores, and ſhewing a manifeſt difference viſible 
enough between the grain of the Wood and that of the bark, eſpecially 
when'any fide of it was cut ſmooth and polite; for then = eookn to 
have a very lovely grain, like that of ſome curious clole Wood. 
Next (ir ted Wood) in that all the ſmaller and (if T may fo call 
thoſe which are onely viſible with a good magnifying Glaſs) Afrcroſcopi- 
cal-poresof it appear (both when the ſubſtance 1s. cut and poliſh'd tra»f- 
_— paralk] to the pores of it) perfectly like the IGcroſcopical pores 
of ſeveral kinds of Wood, eſpecially like and equal to thoſe of ſeveral 
forts:of rotten Wood which I have fince obſerv'd, retaining both the 
—_ and magnitude of ſuch pores. It was differing from Wood : 
.. Firſt, in werghs, being to common water as 34 to I. whereas there are 
few of-our Exglifſþ Woods, that when very dry are found to be full as 
heavie as water. | 
Secondly, in hardzzff, being very neer as hard as a Fhat; and in ſome 
places of it alſo reſembling the grain of a Flint: and, like it, it would 
very readily cut Glaſs, and would not without difficulty, eſpecially in 
jome parts of it, be ſcratch'd by a black hard Flint : It would alſo as rea- 
dily ſtrike fire againſt a Steel, or againſt a Flint, asany common Flint. 
Thirdly, in the clofe-reff of it, for though all the AHicroſcopical pores of 
rhis petr3fy'd ſubſtance were very confpicuous in one poſition ,yet by al- 
tering that poſition of the poliſh'd ſurface to the hight, it was alſo mani» 
feſt, that thoſe pores appear'd darker then the reſt of the body, onely 
becaufe they were fill'd up with.a more duſkie ſubſtance, and not be- 
cauſethey were hollow. L 
Fourthly, in its #1combuſtzblenef, m that it would not burnin the fire; 
nay,though1T keptit a-good while red-hot inthe flame of a Lamp, made 
very #ntenſe by the blaſt of a ſmall Pipe, and'a targe Charcoal, yet it 
feem'd not at all to have diminiſh'd its extenfibnz but only 1 fond fe ro 
have chang 'd its colour, and toappear of a more dark and duſkie brown 
colour; -nor could Ipetceivethat thoſe parts which feem'd tohave been 
Wood at firſt, were any-thing waſted, but the parts appear'd as ſolid and 
clofe as before. 'It'was further obſervable alfo, that as it did not conſume 
bike Wood, ſo neither:did it crack and fliehke a Flint, or fuch like hard 
Stone, nor was it long before it appear'd red-hot. . 

;/ 10 its 4:ſoinblewreſi; for puttin ſome drops of diſtill'd Vinegar 
-upvnths Stone, 1 found it preſently ro uetdivety many Bubbles, juſt like 
thokwhich maybe bbſery tid ſpirit of Finger when it:covrodes m 
'* _— thou 
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though perhaps many of thoſe ſmall Bubbles might proceed from ſome 
ſmall parcels of Air which wero driven out of — of this pegrifs'd 
ſubſtance by the infinuating liquid wenſiruxm, = : | 
Sixthly, in its rigidzeſs and friabilzty, being not at all flexible but 
brittle like 'n Flint, inſomuch that I could with one knock of a Hammer 
break off a piece of it, and with a few more, teduce that into a pretty 
fine powder. | | | 
Seventhly, it ſeem'd alſo very differing from Wood to the toirch, feels 
ing more cold then Wood uſually does, and auch like other cloſe ſtones 
and Minerals. | Ee : 
The Reaſons of all which Phenomena ſeem to be, is 
That this pezrify'd Wood having lain in ſome place where it was well 
ſoak d with petrifying water (that is. ſuch a water as is well i2preexated 
with ſtony and earthy particles) did by degrees ſeparate;either by {train- 
ing and fytratior, or perhaps, by precipitation, un or coapulatio,abuns 
dance of ſtony particles from the permeating water, which {tony par- 
ticles being þy means of the tluid vehb#cle convey'd,not onely into the A1- 
creſcypical pores, and lo perfectly ſtoping them yp, but alſo into the pores 
or 1merftitia, which may. perhaps, be even ia the texture or Schenatiſmre 
of that part of the Wood, which, through the Aicreſcope,appears moſt {o- 
lid, do thereby {o augment the weight of the Wood, as to nake it above 
three times heavier then water, and perhaps, ſix times as heavie as it was 
when Wood, | 
Next, they thereby fo lock up and fetter the parts of the Wood, that 
the fire cannot ealily make then flie away.but the action of the fire upon 
them js onely able to C/ar thoſe parts, as.it were, like a piece of Wood.if 
it beclos'd very faſt up in Clay,and kept a good while red-hot in the fires 
will by the heat of the fire be charr'd and not conſumd, which may, per- 
haps, alſo be ſomewhat of the cauſe, why the petrifg'd ſubitance appear'd 
of a dark brown colour after it had been burart. BY 
By this ens of the petrifying particles, this ſubſtance allo becomes 
bard add friable; for the ſmaller pores of the Wood being perieQly 
wedg'd, and ſtuft up with thoſe ſtony particles, the {mall parts of the 
Wood have no places ot pores into which they may tlide upon bending, 
and — little or ao flexion or yielding at all can be caus'd in 
fach a ſubſtance. | 


| The remaining patticles likewiſe of the Wood among the ſtony par- 
ticles, may. keep them from cracking and flying when put into the five, 
as they. are very apt to-doin aFliot, Tag TY 

. Nor is Wood the onely Gabſtance that may by this kind of #ranſornte- 
#i0* be chang'd inco tone 5 for I my ſelf haye ſeen and examin'd very 
many kinds of {ubſtances, and among; very credible Authours, we may 
meet with Hiſtories of Iuch 44etamorpheſes wrought almoſt on all kind 
of kibſiances, both Vegetable and Awitnal, which Hiſtories, it 16 Bot my 
bulines at preſent, cither to relate, or epizoms/e, but ooly #0.et down 
fort Obſervation [ latcly made on ſeveral kind of perrify 4 Shes, found 
bout Kriyfherr, which lies withib four or five miles of Brifto}, whichare 
tortmonly call'd Serpertinc-ſlones, | Examt- 
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Examining ſeveral of theſe very curiouſly figur'd bodies (which are 
commonly thought to be Stones form'd by ſome extraordinary Plaſtick 
virtue latent in the Earth it ſelf) I took notice of theſe particulars : 

Firſt, that theſe figured bodies, or ſtones, were of very differing ſub. 
ſtances, as to hardneſs: ſome of Clay, ſome Marle, ſome ſoft Stone, a]- 
moſt of the hardneſs of thoſe ſoft ſtones which Maſons call Fire-ſtone, 
others as hard as Portland ſtone, others as hard as Marble, and fome as 
hard a a Flint or Cryſtal. DN 

Next, they were of very differing ſubſtances as ro tranſparency and 

colour; ſome white, ſome almoſt black, ſome brown, ſome Metalline, or 
like Marchaſites; ſome tranſparent like white Marble, others like flaw'd 
Cryſtal,ſome gray, ſome of divers colours ; ſome radiated like theſe long 
petrify d drops, which are — found at the Peak, and in other 
abterraneous caverns, Which have a kind of pith in the middle. 
- Thirdly, that they were very different as to the manner of their out- 
ward figuration; for ſome of them ſeem'd to have been the ſubſtance 
that had fill'd the Shell of ſome kind of Shel-fiſh ; others, to have been 
the ſubſtance that had contain'd or enwrapp'd one ot thoſe Shels,on both 
which,the perfect impreſſion either of the inſide or outſide of ſuch Shells 
ſeem'd to be left, but for the moſt part, thoſe impreſſions ſeem'd to be 
made by an imperfect or broken Shell, the great end or mouth of the 
Shell being always wanting, and oftentimes the little end, and ſometimes 
half, and in ſome there were impreſſions, juſt as if there had been holes 
broken in the figurating, imprinting or moulding Shell ; ſome of them 
ſeem'd to be madeby ſuch a Shell very much a + or flaw'd, infomuch 
that one would verily have thought that very figur'd ſtone had been 
broken or bruſed whilſt a gelly, as 'twere, and fo hardned, but within 
in the grain of the ſtone, there appear'd not the leaſt ſign of any ſuch 
bruſe or breaking, but onely on the very uttermoſt ſuperticies. 

Fourthly, they were very different,as to their outward covering, ſome 
having the perfect Shell, both in figure, colour, and ſubſtance, ſticking 
on =_ its ſurface, and adhering to it, but might very eaſily be ſepa- 
rated from it, and like other common Cockle or Scolep-ſhels, which ſome of 
them moſt accurately reſembled,were very diſfloluble in common 7izreear, 
others of them,e{pecially thoſe Serpentine, or Helical tones were cover'd 
or retained the ſhining or Pearl-colour'd ſubſtance of the inſide of a She}, 
which ſubſtance, on ſome parts of them, was exceeding thin, and might 
very eaſily be rubbed off; on other parts it was pretty thick, and re- 
tained a white coat, or flaky ſubſtance on the top, juſt like the outſides 
of ſuch Shells; ſome of them had very large pieces of the Shell very 
nar £4 ſticking on to them, which were eaſily to be broken or flaked off 

y degrees: they likewiſe, ſome of them retain'd all along the ſurface of 
them very pretty kind of ſutures, ſuch as are obſerv'd in the ſkulls of ſe- 
veral kinds of living creatures, which ſutures were moſt curioutly ſhap'd 
In the manner of leaves, and every one of them in the ſame Shell, exactly 
one like another, which I was able to: diſcover plainly envugh with my 
naked cy, but more perfetly and diſtinly. with 'my 2Geroſcope 3 all 


theſe 
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theſe futwrer, by breaking ſome of rheſe ſtones] found to be the termrimt: 
or boundings of certain diaphragms.or partitions, which feem'd to dais 
the cavity of the Shel} into a multitude of very proportionate and regus. 
Jar cef/s or caverns, theſe Diaphragms, in many otthem, Found very per- 
f{e@ and compleat, of a very diſtin&t fubſtance from that which filfd the 
cavities, and exactly of the fame kind with that which covered the ow- 
fide, being for the moſt part whitiſh, or wother-of-peart colour: 

As for the cavities between thoſe Diaphragees, I found ſome of then 
fll'd with Marle, and others with feveral kinds of ſtones, others. for the 
moſt part hollow, onely the whole cavity was uſually covered over - 
with a kind of tartareows petrify'd ſubſtance, which ſtuck about the ſides; 
and was there ſhot into very curious regular Figures, juſt as Tartar, or 
other diffolv'd Salts are obſerv'd to ſtick and cryſiathze about the fides of 
the containing Veſlels; or like thoſe little D:amzarts whichT before ob+ 
ſerved to have covered the vaulted cavity of a Flint; others had theſe 
cavities all lin'd with a kind of wetalline or marchaſite-like fubltance; 
which with a Aficroſcope I conld as plainly fee moſt curioutly and regu= 
larly figured, as Ihad done thoſe in a Flint. 

From all which, and ſeveral other particulars which I obſerv'd, I cans 
not but think, that all theſe, and moſt other kinds of ftony bodies which 
are found thus ſtrangely figured, do owe their formation and figuration, 
hot to any kind of Plaſtick, virtze inherent in the earth, but to the Shells 
of certain Shel-fiſhes, which, either by ſome Deluge, Inundation, Earths 

uake, or ſore ſuch other means, came to be thrown to that place, and 
there to be fill'd with ſorne kind of Mudd or Clay, or petrifyize Water, 
or ſome other ſubſtance, which in tract of time has been ſettled toge+ 
ther and hardned in thoſe ſhelly moulds into thoſe ſhaped ſubſtances we 
now find them ; that the great and thinend of theſe Shells by that Earth- 

uake, or what ever other extraordinay cauſe it was that brought them 
thither, was broken off; and that many others were otherwiſe broken, 
bruiſed and disfigured ; that theſe Shells which are thus pirated and le- 
parated with Diaphragmes,were ſome kind of Nautili or Porcelane ſhells z 
and that others were ſhells of Cock/es, Mduſecles,Periwincles, Scolops,&c. of 
various ſorts; that theſe Shells in many, from the particular nature of the 
containing or enclos'd Earth, or ſome other cauſe, have in tract of time 
Totted and mouldred away, and onely left their iniprefſions, both on the 
containing and contained ſubſtances; and fo left them pretty loole ong 
within another, ſothat they may be eaſily ſeparated by a knock or two 
of a Hammeft: That others of theſe Shells, according to the nature 
of the ſubſtances adjacent to them, have, by a long continuance in 
that poſture, been petrify'd and turn'd into the nature of ſtone, juſt as I 
even now obſery'd feveral ſorts of Wood to be. That oftentimes the Shell 
_y be found with one kind of ſubſtance within, and quite another 
without, having. perhaps, been fill'd in one place, and afterwards tranſſa- 
ted to another, which 1 have very frequently obſerv'd in Cockle, Adwſcle, 
Periwinele, and other ſhells, which I have found by the Sea fide. Nay, 


further, that ſome parts of the ſame Shell may be fill'd in one _—_ and 
| me 
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ſome other caverns in another, and others in a third,or a fourth, or a fih 
place, for ſo many differing ſubſtances have I found in one of theſe pe- 
trifjd Shells,and perhaps all theſe difiering from the encompaſling earth 
or {tone 3 the means how all which varieties may be causd, I think, will 
not be difficult to conceive, to any one that has taken notice of thoſe 
Shells, which are commonly found on the Sea ſhore : And he that ſhall 
throughly examine ſeveral kinds of ſuch curiouſly form'd ſtones,will (1 
am very apt to think) find reaſon to ſuppoſe their generation or forma- 
tion to be aſcribable to ſome ſuch accidents as I have mention'd, and 
not to any Plaſtick, virtue : For it ſeems to me quite contrary to the in- 
finite prudence of Nature, which is obſervable 1n all its works and pro- 
ducions, to deſign every thing to a determinate end, and for the attain- 
ing of that end, makes uſe of ſuch ways as are (as farr as the knowledge 
of man has yet been able to reach ) altogether conſonant, and moſt 
agreeable to man's reaſon, and of no way or means that does contradi@, 
or is contrary to humane Ratiocination ; whence 1t has a Jorg time been 
a general obſervation and maxime, that Nature does nothing 11 vain; It 
ſeems, I ſay, contrary to that great Wiſdom of Nature, that theſe prettily 
ſhap'd bodies ſhould have all thoſe curious Figures and contrivances 
(which many of them are adornd and contriv'd with) generated or 
wrought by a Plaſtick, virtue, for no higher end [then onely to exhibite 
ſuch a form; which he that ſhall throughly conſider all the circumſtances 
of ſuch kind of Figur'd bodies, will, I think, have great reaſon to be- 
lieve, though, I confeſs, one cannot preſently be able to find our what 
Nature's deſigns are. It were therefore very deſirable, that a good col- 
lection of ſuch kind of figur'd ſtones were collefted ; and as many par- 
ticulars, circumſtances, and informations colleCfed with them as could be 
obtained, that from ſuch a Hiſtory of Obſervations well rang'd, ex- 
amin'd and digeſted, the true original or production of all thoſe kinds 
of ſtones might be perfectly and ſurely known; ſuch as are Thurder- 
ſtones, Lapides Stellares, Lapides Judaici,and multitudes of other, where- 
- mention 1s made in Aldrovandws Wormixs, and other Writers of 
inerals, 


— 


Obſerv. X VIII. Of the Schematiſme or Texture of Cork, and 
of the Cells and Pores of ſome other ſuch frothy Bodies, 


[ Took a good clear piece of Cork, and with a Pen-knife ſharpen'd as 
FJ keen as a Razor, I cut a piece of itoff, and thereby left the ſurface of 
it exceeding ſmooth, they examining it very diligently with a Acro- 
ſcope, me thought I could perceive it to appear a little porous; but I 
could not ſo plainly diſtinguiſh them, as to be ſure that they were pores, 
much leſs what Figure they were of; But judging from the lightneſs and 
yielding quality of the Cork, that certainly the texture could not belo 

| curious, 
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curions, but that poſſibly, if I could uſe ſome further diligence, I might 
find it to be diſcernable with a Microſcope, I with the ſame {harp Pen- 
knife, cut off from the former ſmooth furtace an exceeding thin piece of 
it, and placing it on a black object Plate, becauſe ir was it ſelf a white 
body, and caſting the light on it with a deep plano-convex Glaſs, I could 

exceeding plainly perceive it tobe all perforated and porous,much like 
a Honey-comb,but that the pores of-it were not regular; yet it wasnot 
unlike a Honey-comb in theſe particulars. | 

Firſt, in that it had a very little ſolid ſubſtance, in compariſon.of the 
empty cavity that was contain'd between, as does more manifeſtly appear 
by the Figure A and B of the XI. Scheme, for the Interſtitia, or walls 
(as I may fo call them) or partitions of thoſe pores were neer as thin in 
proportion to their pores, as thoſe thin films of Wax in a Honey-comb 
(which encloſe and conſtitute the ſexargular cells) are to theirs. 

Next, in that theſe pores, or cells, were not very deep, but confiſted 
of a great many little Boxes, ſeparated out of one continued long pore, 
by certain Diaphragm, as 1s vilible by the Figure B, which repreſents a 
ſight of thoſe pores ſplit the long-ways. 

I no ſooner dilcern'd theſe ( which were indeed the firſt microſcopical 
pores [ ever ſaw, and perhaps,that were ever ſeen, forT had not met with 
any Writer or Perſon, that had made any mention of them before this) 
but me thought I had with the diſcovery of them, preſently hinted tome 
the true and intelligible reaſon of all the Phemomena of Cork; As, 

Firſt, if I enquir'd why it was ſo exceeding light a body? my Micro- 

ſcope could preſently inform me that here was the nh reaſon evident that 


theres found for the lightneſs of froth, an empty Honey-comb, Wool, 
a Spunge, a Pumice-ſtone, or the like ; namely, a very ſmall quantity of a 
ſold body, extended into exceeding large dimenſions. 

Next, it ſeem'd nothing more dithcult to give an intelligible reaſon, 


why Cork is a body ſo very unapt to ſuck and drink in Water, and con- 
ſequently preſerves it ſelf, floating on the top of Water, though left on it 
never ſo long : and why itis able to ſtop and hold air in a Bottle,though 
it be there very much condens'd and conſequently preſles very — 
to get a paſlage out, without ſuffering the leaſt bubble to paſs throu 
Its fubſtance. For, asto the firſt, ſince our 44:croſcope informs us that the 
ſubſtance of Cork is altogether fill'd with Air, and that that Air is per- 
fetly encloſed in little Boxes or Cells diſtinct from one another. It ſeems 
very plain, why neither the Water, nor any other Air can eaſily infinu- 
ate it ſelf into them, ſince there is already within them an intws exiſtens, 

' and conſequently, why the pieces of Cork become ſo good floats for 
Nets, and {topples for Viols, or other cloſe Vellels. . 

And thirdly, if we enquire why Cork has ſucha ſpringineſs and ſwel- 
ling nature whem compreis'd ? and how it comes to ſuffer ſo great a com- 
preſſion, or ſeeming penetration of ditnenfions, fo as to be made a ſub- 
ſtance asheavie again and more, bulk for bulk, asit was before comprel- 
fon, and yet ſuffer'd to return, is found to extend it ſelf again into the 


ſame ſpace? Our Microſcope will eaſily inform us, that the whole mais 
R conſiſts 
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conſiſts of an infinite company of ſmall Boxes or Bladders of Air, which, 
55a ſubſtance of a ſpringy nature, and that will ſuffer a conſiderable con- 
denfation (as I have ſeveral times found by divers trials, by which I have 
moſt evidently condens'd it into leſs then a twentieth part of its uſual di- 
menſions neer the Earth, and that with no other ſtrength then that of m 
hands without any kind of forcing Engine,fuch as Racks,Leavers, Wheels, 
Pullies, or the like, but this _ by and by) and befides, it ſeems very 
robable that thoſe very films or tides of the pores,have in them a fpring- 
- ing quality, as almoſt all other kind of Vegetable ſubſtances have, ſo as 
to help toreſtore themſelves to their former poſition. 

And could we ſo eaſily and certainly diſcover the Schemratiſme and 
Textxre even of theſe films,and of ſeveral other bodies,as we can theſe of 
Cork'; there ſeems no probable reaſon to the contrary, but that we mighe 
as readily render the true reaſon of all their Pheromene; as namely, what 
were the cauſe of the ſpringineſs, and toughneſs of ſome, both as to their 
flexibility and reſtitution. What, of the Fiabiliry or brittleneſs of ſome 
others, and the like; but till ſuch time as our Aſicroſcope, or ſome other 
means.enable us to diſcover the true Schematiſm and Texture of all kinds 
of bodies, we muſt grope, as it were, in the dark, and onely gheſs at the 
true reaſons of things by ſimilitudes and compariſons. 

Bur, to return to our Obſervation. I told ſeveral lines of theſe 

res, and found that there were uſually about threeſcore of thele ſmall 
Cells placed end-ways1n the eighteenth part of an Inch in length, whence 
I concluded there muſt be neer eleven hundred of them, or ſomewhat 
more then a thouſand in the length of an Inch, and therefore in a ſquare 
Inch above a Million, or 1166400. and in a Cubick Inch, above twelve 
hundred Millions, or 12597 12000. a thing almoſt incredible, did not our 
Microſcope allure us of it by ocular demonſtration ; nay, did it not diſco- 
verto us the pores of a body, which were they diaphragm'd.like thoſe of 
Cork, would afford us in one Cubick Inch, more then ten timesas many 
little Cells, as is evident in ſeveral charr'd Vegetables; ſo prodigiouſly 
curious are the works of Nature, that even theſe conſpicuous pores of 
bodies, which ſeem to be the channels or pipes through which the Sxccus 
autritizs, or natural juices of bs an are convey d, and ſeem to cor- 
reſpond to the veins, arteries and other Veſlels in ſenſible creatures, that 
theſe pores I ſay, which ſeem to be the Vellels of nutrition to the vaſteſt 
body in the World, are yet ſo exceeding ſmall, that the Atomes which Eyz- 
cures fancy'd would go neer to prove too bigg to enter them, much more 
to conſtitute a fluid body in them. And how infinitely ſmaller then muſt be 
the Velſlels ofa Mite, or the pores of one of thoſe little Vegetables I have 
diſcovered to grow on the back-ſide of a Roſe-leaf, and ſhall anon more 
fully deſcribe, whoſe bulk is many millions of times leſs then the bulk of 
the ſmall ſhrub it grows on; and even that ſhrub, many millions of times 
leſs in bulk then ſeveral trees (that have heretofore grown in England, 
and are this day flouriſhing in other hotter Climates, as we are very cre- 
dibly inform'd)if ar leaſt the pores of this ſmall Vegetable ſhould keep 

any ſuch proportion to the body of it, as we have found theſe _ 
0 
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of other. Vegetables to.do to their bulk; But of theſe pores Thave ſaid 
more elſewhere. Ny 726.4 Wert } 261 

11 To proceed'then, Cork ſeems to be'by. the traiiſverſe conſtitution of 
the pores, a'kind of Fung. or Muſhrotme, tor the pores lie like 10 many 
Rays tending from the» center, orpith of the tree, outwards; ſo that if 
you cut off a piece from a board of Cork tranfverlly, to the flat of Its 
you wil}; as1t were, ſplit the pores, and they will appear juſt as they are 
expreſs din /the Figure B: of the XI. Scheme. But if you ſhave off a 
yery thin ptece from this board, parallel ro the plain of it, you willicut 

all the pores tranſver{ly, and they will appear almoſt as they are exprefs'd 

in the Figute A, fave onely the ſolid 1nterſtitia will not appear ſothick 

as they are there repreſented. IE, T7 

So that Cork ſeems to fuck its nouriſhment from the ſubjacent bark of 

the Tree immediately, and to be a kind of excreſcence, or a ſubſtance 
diſtinct. from the ſubſtances of the entire Tree, ſomething aralogus to 
the Muſhrome, or Moſs on other Trecs, or to the hairs on Animals:: And 
having enquir d mto the Hiſtory of Cork, I find. it reckoned as an 
excrelcency of the bark of a certain Tree, which is diſtinct from the two 
barks that lie within it, which are common allo to other trees; That tis 
ſome time before the Cork that covers the young and tender ſprouts 
comes to be diſcernable; T hat it cracks,flaws,and cleaves into many great 
chaps,the bark underneath remaining entire 3 That it may be ſeparated 
and remov'd from the Tree, and yet the two under-barks (ſuch as are 
alſo common to that with other Trees) not at all injur'd, but .rather 
helped and freed from an external injury. Thus Jonſtoxns in Dexdrologia, 
ſpeaking de Subere, ſays, Arbor eſt procera, Lignum eſt robuſtum, dempto 
cortice in aquis non fluitat, Cortice in orbem detradto juvatur, craſceſcens 
enimpraftringit &* ſtrangulat, intra trienninm iterum repletur : Caudex ubz 
adoleſcit craſjus, cortex ſuperior denjus carnoſus,duos digitos craſſus, ſaber, 
rimoſns, &* qui niſt detrahatur dehiſcit, alioque ſubnaſcente expellitur, inte- 
rior qui ſubeſt novellus ita rubet ut arbor minio pida videatur. Which 
Hiſtories,if well conſider'd. and the tree, ſubſtance, and manner of grow- 
ing, if well examin'd, would, I am very apt to believe, much confirm this 
my conjetture about the origination of Cork. | 

Nor is this kind of Texture peculiar to Cork onely ; tor upon exami- 
nation with my Microſcope, I have found that the pith of an Elder, oral- 
moſt any other Tree, the inner pulp or pith of the Cany hollow ſtalksof 
ſeveral other Vegetables: as of Fennel, Carrets, Daucus, Bur-docks, 
Teaſels, Fearn, ſome kinds of Reeds, &c. have much ſuch a kind of 
Schematiſme, as I have lately ſhewn that of Cork, ſave onely that here 
the poresare rang'd the long-ways, or the fame ways with the length of 
the Cane,whereas in Cork they are tranſverſe. : 

The ith alſo that fills that part of the ſtalk of a Feather that is above 
the Quil, has much ſuch a' kind of texture, fave onely that which way fo- 
ever [ ſet this light ſubſtance, the pores ſeem'd to be cut tranſverſly ; 10 
that ] gheſs this pith which fills the Feather, not to conſiſt of abundance 


of long pores ſeparated with Diaphragms, as Cork does, but to be a _ 
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of ſolid or hardned froth,or a coxgerzes of very ſmall bubbles conſolidated 
in that form, into a pretty ſtiffas well as tough concrete,and that each Ca- 
vern, Bubble, or Cell, is diſtin&ly ſeparate from any of the reſt, without 
any kind of hole in the encompailing films, ſo that I could no more blow 
through a piece of this kinde of ſubſtance,then I could through a piece of 
Cork, or the ſound pith of an Elder. 

But though I could not with my icroſcope, nor with my breath, nor 
any other way I have yet try'd, diſcover a paſſage out of one of thoſe 
cavities into another, yet I cannot thence conclude, that therefore there 
are none ſuch, by whdel the Succws mtritivs,'or appropriate juices of Ve- 
getables, may paſs through them; for, in ſeveral of thoſe Vegetables, 
whilſt green, I have with my Afcroſcope, plainly enough diſcover'd theſe 
Cells or Poles fill'd with juices, and by degrees ſweating them out : as [ 
have alſo obſerved in green Wood all thoſe long A77croſcepical pores 
which appear in Charcoal perfectly empty of an. thing but Air. 

. Now, though I have with great diligence endeavoured to find whe- 
ther there be any ſuch thing in thoſe Afcroſcopical pores of Wood or 
Piths, as the Valves in the heart, veins,and other paſlages of Animals,that 
open *and give paſlage to the containd fluid juices one way, and ſhut 
themlſelves,and impede the paſlage of fuch liquors back again,yet have 
not hitherto been able to ſay any thing poſitive in it ; though,me thinks, 
it ſeems very probable,that Nature has in theſe paſlages,as well as in thoſe 
of Animal bodies,very many appropriated Inſtruments and contrivances, 
whereby to bring her deſigns and end to paſs, which tis not improbable, 
but that ſome diligent Obſerver, if help'd with better Acicroſcopes, may 
in time dete&. 

And that this may be fo, ſeems with great probability to be argued 
from the ſtrange Phenomena of ſenſitive Plants, wherein Nature feems 
to perform ſeveral Animal ations with the ſame $chematiſm or Orginiza- 
#0 that is common to all Vegetables, as may appear by ſome no leſs 
inſtruftive then curious. Obſervations that were made by divers Emi- 
nent Members of the Royal Society on ſome of thele kind of Plants, where- 
of an account was delivered in to them by the moſt Ingenious and Excel- 
lent Phyſician, Doltor Clark, which, having that liberty granted me by 
that molt IIluſtrious Society, I have hereunto adjoyn'd. 


Obſervations on the Humble and Senſible Plants in M* Chiffin's 
Garden in Saint James's Park,, made Auguſt the 9 1661. 
Preſent, the Lord Brouncker, Sr. Robert Moray, Dr. Wilkins, 
Mr. Evelin, Dr. Henſhaw, and Dr. Clark. 


Thereare four Plants, two of which are little ſhrub Plants, 
with a little ſhort ſtock, about an Inch above the ground, from 


whenceare ſpread ſeyeral ſticky branches, round, ſtreight, and 
ſmooth, 
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ſmooth in the diſtances berween the Sprouts, bur juſt under the 
Sprouts there are two ſharp thorny prickles; broad in the ler- 
ring-0n, as in the Bramble, one juſt under the Sprout; the other 
on the oppoſite fide of the branch. 

The diſtances betwixt the Sprouts are uſually fomerking See 
more then an Inch, and many upon a Branch, according to its * >. * 
length, and they grew fo, that it the lower Sprout be on'thelett 
fide of the-Branch, | the next above is on the right, and fo co the 
end, not ſprouting by pairs, 

Artheend of each Sprout are generally four ſprigs, two at 
the Extremity, and one on each fide, juſt under it. : Ar the firft 
ſprouting of theſe from the Branch to the Sprig where the leaves 
grow, they are full of liccle ſhort white hairs, which wear off as 
the leaves grow, and then they are ſmooth as the Branch, 

Upon each of theſe ſprigs, are, for the molt part, eleven pair 
of leaves, nearly ſet into the uppermoſt part of the little ſprig, 
exaQly one againſt another, as it were in little articulations, ſuch 
as Anatomiſts call Enarthrofis, where the round head of a Bone 
1s received into another fitted for its motion ; and ſtanding very 
htly co ſhut themſelves and touch, the pairs juſt above them 
clofing ſomewhat upon them, as in the ſhut fprig ; fo is the 
little round Pedunculus of this leaf fitted into a lictle cavity of 
the ſprig, viſible to the eye ina ſprig new pluck'd, or in a ſprig 

withered on the Branch, from which the. leaves eafily fall by 
touching. 

The leaf being almoſt an oblong ſquare, and er into the Pe- 
dunculus, at one of the lower corners, receiveth from that not 
onely a Spine, as I may call it, which, paſſing through the leat, 
divides it ſo length-ways that the outer-ſide is broader then che 
inner next the ſprig, but little fibres paſſing obliquely cowards 
the oppoſite broader fide, ſeem to make ir here a little mulcular, 
and fitted to move the whole leaf, which, together with the 


whole fprig, are ſet full with [ittle ſhort whitiſh hairs. | 
One 
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| Oncoftheſe Plants: .whoſe branch ſeem'd to -be older. and 

.more grown then the:bther, onely; the tender Sprouts of 1t, after 
the leaves-are ſhut;; fall and/hang down ; of the other, the whole | 
branches fall co the ground, if theSun ſhine very warm,upen the 

.- firſt raking off the Glaſs, which'T therefore call the humble Plant. 

5 The other rwo, which do never fall;;: nor. -do any: of their 
branches flagg and hang down, ſhut not. their leaves, but upon 
ſomewhat a hard ſtroke ; the ſtalks ſeem roigrow up frotn a root, 
and appear more herbaceous, they are round and ſmooth, without 
any. prickle, the Sprouts from them have ſeveral pairs of ſprigs, 
with much leſs leaves then the other on. them, and have on 
each ſprig generally ſeventeen pair. 

Upon touching any of the ſprigs with leaves on, all the leaves 
on that ſprig contrafting themſelves by pairs, joyned their up- 
per ſuperficies cloſe together. 

Upon the dropping a drop of Aqua fortis on the ſprig be- 
twixt the leaves, f f all the leaves above ſhut preſently, thoſe 
below by pairs ſucceflively after, and by the lower leaves of the 
other branches, //, kk, &c. and fo every pair ſucceflively, 
with ſome little diſtance of time betwixt,to the top of each ſprig, 
and ſo they continu'd ſhut all the time we were there. But I re- 
turning the next day, and ſeveral days fince,found all the leaves 
dilated again on two of the ſprigs ; but from ff, where the Agua 
fortis had dropped upwards, dead and withered ; but thoſe be- 
low on the ſame fprig, green, and cloſing upon the touch, and 
are {o at this day, Auguſt 14. 

With a pair of Sciflers, as ſuddenly as: it could be done, one 
of the leaves b b was clipped off in the middle,upon which that 
pair, and the pair above, cloſed preſently, after a little interval, 
d d, then e e, and fo the reſt of the pairs, to the bottom of the 
{prig, and then the motion began in the lower pairs, / 1, on the 
other ſprigs, and ſo ſhut them by pairs upwards, though not 
with ſuch diſtin@ diſtances. 

Under 


Under a pretty large branch: with its ſprigs on, there lying 
a large Shell berwixt two and three Inches below it, there was 
rubbed on a ſtrong ſented oyl, after a little time all clic leaves on 
that ſprig were ſhut, and ſo they continued all the time of our 
ſtay there,but at my returne the next day, I found rhe poſition 
of the Shell alter'd, and the leaves expanded as before, and. 
clofing upon the touch. F200 

Upon the application of the Sun-beams by a Burning-laſs, 
the more humble Plant tell. the other ſhut their leaves. 

We could not fo apply the imoak of Sulpher, as to have any 
viſible effet from that, at two or three times trial : bur on ano- 
ther trial.the ſmoak rouching the leaves. it ſucceeded. | 

The humble Plant fell upon taking off the Glafs wherewith it 
was covered. 

Curring off one of the little Sprouts, two or three drops of 1- 
quor were thruſt out of the part from whence that was cur,very 
cleer, and pellucid, of a bright greeniſh colour, rafting ar firſt a 
lictle bitreriſh,bur after leaving a licoriſh-like taſte in my mouth: 

SINCE,FoOINg TWO OT three times when 1t was cold, ] took the 
Glafles from che more humble Plant and it did not fall as former- 
ly, but ſhur its leaves onely. But coming afterwards, when che 
Sun ſhone very warm, as ſoon as i was taken off, it felt as 
before, RN 
Since I ptuck'd off another fprig, whoſe leaves were all thur, 
and had been fo ſome time, thinking to obferve thee liquor 
ſhould come from that I had broken off, bur finding none; 
though with prefling,to come, 1, as dexterouſly as I could, pull'd 
off one whole leaves were expanded, and then had upon the fhur-- 
ting of the leaves, a line of the mention'd liquor, from the end 
of the fprig 1 had broken from the Plant, And this rwice ſuc- 
ceflively, as often almoſt as I durſt rob rhe Pfant. 

But my curioſity carrying me yet further, I cut off one of 


the harder branches of the ſtranger Plant, and there came of the 


liquor, 
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liquor, both from that I had cur, and that I had cut it from, 
withour preſſure. 

Which made me think, that the motion of this Plant upon 
touching, might be from this, that there being a conſtant inter. 
courſe betwixt every part of this Plant and its root,either by a car. 
culation of this liquor,or a conſtant prefling of the ſubtiler parts 
of it to every extremity of the Plant. Upon every preſfure,from 
whatſoever it proceeds, greater then that which keeps it up, the 
ſubtile parts of this liquor are thruſt downwards, towards its ar- 
ticulations of the leaves, where, not having room preſently to get 
into the ſprig,the little round pedunculus, from whence the Spine 
and thoſe oblique Fibres I mention'd riſe, being dilated, the 
Spine and Fibres (being continued from it) muſt be contracted 
and ſhortned, and ſodraw the leaf upwards to joyn with its fel- 
low in the ſame condition with it ſelf, where, being cloſed, they 
are held together by the implications of the little whitiſh hair, as 
well as by the ſtill retreating liquor, which diſtending the Fibres 
that are continued lower to the branch and root, ſhorten them 
above ; and when the liquor is ſo much forced from the Sprout, 
whoſe Fibres are yet tender, and not ableto ſupport themſelves, 
but by that tenſneſs which the liquor filling their interſiices gives 
them, the Sprout hangs and flags. 

But, perhaps, he that had the ability and leiſure to give you 
the exaQt Anatomy of this pretty Plant, to ſhew you its Fibres, 
and vifible Canales, through which this fine liquor circulateth, 
or is moved, and had the faculty of better and more, copiouſly 
expreſiing his Obſervations and conceptions, ſuch # one would 
eaſily from the motion of this [1quor, ſolve all the Phenomena, 
and would not fear to affirm, that it is no obſcure ſenſation this 
Plant hath. But I have ſaid roo much, 1 ninndy A and am 
ready to ſtand corre&ed. ria 


I ol not yet made ſo full and fatisfaQory Obſervations as I deſi reon 


this Plant, which ſeems to be a SubjeQq that will afford abundance of 


information. 
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information. But as farr as I have had opportunity to examine {t,I have 
diſcovered with my Microſcope very curious ſtructures and contrivancesz 
but deſigning much more accurate examinations and trials,both with my 
4ticroſcope, and otherwile, as ſoon as the ſeaſon will permit, I ſhall not till 
then add any w_y of what T have already taken notice of; but as farr as 
I have yet obſerv'd,I judge the motion of it to proceed from cauſes very 
differing from thoſe by which Gur-ſtrings,or Lute-ſtrings,the beard of a 
wilde Oat, or the beard of the Seeds of Geranium, Moſeatumr, or Mnrkz 
graf and other of kinds of Cranes-bil/,move themſelves. Of which I ſhall 
add more in the ſubſequent Obſervations on thoſe bodies, 


Obſerv. XIX. Of a Plant growing in the blighted or yellow fecks 
of Damask-roſe-leaves, Bramble-leaves, and ſome other kind 
of leaves. 


] Have for ſeveral years together, in the Monethis of Jae, July, Angnſ# 
and September (when any of the green leaves of Roſes begin to dry and 
ow yellow) obſerv'd many of them, eſpecially the leaves of the old 

Girubs of Damask-Roſes, all beſpecked with yellow ſtains, and the under- 
ſides juſt againſt them, to have little yellow hillocks of a guitinious ſubs 
ſtance, and ſeveral of them to have ſtall black ſpots in the tnid(t of thoſe 
yellow ones, which, to the naked eye, appear'd no bigger then the point 
of a Pin, or the ſmalleſt black ſpot or tittle of Ink one is able to make 
with a very ſharp pointed Pen. 

Examining theſe with a 24icroſcope, I was able plainly to diſtinguith,up 
and down the ſurface, ſeyeral ſmall yellow knobs, ofa kind of yellowiſh: 
red gummy ſubſtance, out of which I perceiv'd there ſprung multitudes 
of little caſes or black bodies like Seed-cods, and thoſe of them that 
were quite without the hillock of Gumm, diſclosd themſelves to grow 
out of it with a ſmall Straw-colour'd and tranſparent ſtem, the which 
ſeed and ſtem appear'd very like thoſe of common Moſs (which I elſe- 
where deſcribe) but that they were abundantly leſs, many hundreds of 
them being not able to equalize one ſingle ſeed Cod of Moſs. 

I have often doubred whether they were the ſeed Cods of ſorne little 
{ | Plant, or ſome kind of ſmall Buds, or the Eggs of ſome very ſinall InſeQ; 

! theyappear'dof a dark browniſh red, ſome almoſt quite black, and of a 

1 Figure much reſembling the ſeed-cod of Moſs, but their italks on which 
they grew were of a very fine tranſparent ſubſtance, almoſt like the ſtalk 
of mould, but that they ſeem'd ſomewhat more yellow. 

That which makes me to ſuppoſe then to be Vegetables, is for that 
perceiv'd many of thoſe hillocks bare or deſtitute, as if thoſe bodies lay 
| 7 yetconceal'd,as G. Inothers of them, they were juſt ſpringing out 6f their 
| 3 gummy hillocks, which all ſcem'd to ſhoot directly outwards, as dt A. -In 
| 7} Others, asat B, I found them uſt gorten 4 very little or no _— 
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and the Cods of an indifferent cize;but m others,as C,I found them begin 
to have little ſhort ſtalks, or ſtems; 1n others, as D, thoſe ſtems were 
and larger 3 andin others, as at E, F, H, I, K, L, e*c. thoſe 


rown bigger, | 
ems and Gods were grown a great deal bigger, and the ſtalks were 


more bulky about the root, and very much taper'd towards the top, as 
at F and L is moſt viſible. 

I did not find that any of them had any ſeed in them, or that any of 
them were hollow, but as they grew bigger and bigger, I found thoſe 
heads or Cods begin to turn their tops towards their roots, in the ſame 
manner as I had obſerv'd that of Mos to do; fo that in all likelihood, 
Nature did intend in that prn_ what ſhe does in the like ſeed-cods of 
greater bulk, that is, that the ſeed, when ripe, ſhould be ſhaken out and 
diſperſed at the end of it, as we find in Columbine Cods, and the like. 

The whole Oval OOOO in the ſecond Frgxre of the 12. Scheme 
repreſents a ſmall part of a Roſe leaf, about the bigneſs of the little Oval 
in the hillock, C, marked with the Figure X. in which I have not par- 
ticularly obſerv'd all the other forms of the ſurface of the Roſe-leaf, as 
being little to my preſent purpole. 

Now, if theſe Cods have a feed in them ſo proportion'd to the Cod, as 
thoſe of Pizks. and Carnations, and Columbines, and the like, how unima- 
ginably ſmall muſt each of thoſe ſeeds neceſiarily be, for the whole 
length of one of the largeſt of thoſe Cods was not ;z; part of anInch; 
ſome not above 5; , and therefore certainly, very many thouſand of 
them would be unable to make a bulk that ſhould be viſible to the naked 
eye; and if each of theſe contain the Rudiments of a young Plant of the 
ſame kind, what muſt we ſay of the pores and conſtituent parts of that ? 

The generation of this Plant ſeems in part,aſcribable to a kind of 241- 
dew- or Blight,whereby the parts of the leaves grow ſcabby, or putrify'd, 
2s it were, ſo as that the moiſture breaks out in little ſcabs or ſpots, which, 
as 1-faid before, look like little knobs of a red gummous ſubſtance. 

From this putrify'd ſcabb breaks out this little Vegetable ; which may 
be ſomewhat like a 4/0» or Meſi;, and may have its equivocal genera- 
tion much after the ſame manner as I have ſuppoſed Xoſ7 or Mould to 
have, and to be a more fimple and mma kind of vegetation, 
which 1s ſet a moving by the putrifa@ive and fermentative heat,. joyn'd 
with that of the ambient acrial, when (by the putrifattion and decay of 
ſome other parts of the vegetable, that for a while ſaid its progreſs) it is 
unfetxer'd and left at —_— to move in its; former courſe, but by reaſon 
of its: reg»l[ators, moves and ads after quite another manner then it did 
when. a: coagext in the more compounded machine of the. more perfet 
Vegetable, wry MO 11% 

And from this very ſame Principle, I imagine the 4/ieto of Oaks, 
Thorns, Appletrees, ayd other Trees, to have its. original : It ſeldom or | 
REVET growing on apy of thoſe Trees,till they begin to wax decrepid,and 
decay. with age, and.are peſter'd with many other infirmities.  - 

 Hither alſo may be referr'd thoſe multitudes/and varieties of 214y/brows, 
luchavthat,calld-Jewriears, all ſorts of gray and;greex Moſlts, &c. which 
Ec, : ” infeſt 
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iofelt all kind of Trees,ſhrubs,and the like,eſpecially when they come to 
any bigneſs. And this we ſee to bevery muchthe method of Nature 
throughout Its operations, putrifattive Vegetables very often producing a 
Vegetable ofa much leſs compounded nature, and of a much inferiour 
tribes; and putrefa@ive animal ſubſtances degenerating into ſome kind of 
animal production of a much inferiour rank,and of a more ſimple nature. 

Thus we find the humours and ſubſtances of the body,upon pxtrifa@i- 
onto produce {trange kinds of moving Vermine : the putrifation of the 
fimes and juices of the'Stomack and Guts, produce Worms almoſt like 
Earth-worms,the Wheals in childrens hands produce a little Worm,call'd 
aWheal-worm: The bloud and milk, and other humours, produce other 
kinds of Worrns, at leaſt, 1f we may believe what is deliver'd tous by 
very famous Authors; though, I confeſs, I have not: yet been able to dil 
cover ſuch my elf. 

And whereas it may ſeem ſtrange that Vinegar, Meal, multy Caks , &c; 
are obſerv'd to breed their differing kinds of Inſetts, or living creatures, 
whereas they being a. acne ſubſtances, ſeem to b- of an inferiour kind, 
and. ſo. unable to produce a creature more noble, or of a more com- 
pounded-nature then they themſelves are of, and fo without ſome con- 
current ſeminal principle, may be thought utterly unfit for ſuch an ope- 
ration ; I muſt add, that we cannot preſently poſitively fay, there are 
no animal ſubſtances, either mediately, as by the ſoil or fatning of the 
Plant from whence they ſprung,or more immediately,by thereal mixture- 
or compoſition of ſuch ſubſtances, join'd with them ; or perchance ſome 
kind of Inſe@, in ſuch places where ſuch kind of putrifying or ferment- 
ing bodies are, may, by a certain inſtinCt of nature, eject ſome ſort of ſe- 
minal principle, which cooperating with various kinds of patrifying ſub- 
ſtances, may produce various kinds of Inſefs,or Animate bodies : For we 
find in moſt ſorts of thoſe lower degrees of Animate bodies, that the 
putrifging ſubſtances on which theſe Eggs, Seeds, or ſeminal principles 
are caſt by the Inſet, become, as it were, the 4atrices or Wombs that 
conduce very much to their generation, and may perchance alſo to their 
variation and alteration, much after the ſame manner, as, by ſtrange and 
unnatural copulations, ſeveral new kinds of Animals are produc'd, as 
Mvles, and the like, which are uſually call'd Monſtrous, becauſe a little 
unuſual, though many of them have all their principal parts as perfectly 
ſhapdand bd for their peculiar uſes, as any of the moſt perfect 
Animals. If therefore the putrifying body,on which any kind of ſeminal 
or vital principle chances tobe caſt. become ſomewhat more then meer- 
ly a nurſing and foſtering helper in the generation and produCtion of 
any kind of Animate body, the more neer it approaches the true nature 
of a Womb, the more power will it have onthe by-blow it incloſes. But 
of this ſomewhat more in the deſcription of the Water-grat. Perhaps 
ſome more accurate: Enquiries and Obſervations about theſe matters 
might bring the Queſtion to ſome certainty, which would be of no ſmall 
concern in Natural Philoſophy. 


But that pxtrifyizg animal ſubſtances may produce animals of at — 
$2 ind, 
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kind, I ſee not any ſo very great a difficulty, but that one may, without 
much abſurdity,admit : For as there may be multitudes of contrivances 
that go to the making up of one compleat Animate body 3 ſo, That ſome 
of thoſe ceadjntors,in the perfett exiſtence and life of 1t, way be vitiated, 
and the life of the whole deſtroyed, -and yet ſeveral of the. conſtituting 
contrivances remain intire,I cannot think it beyond-imaginationor poſſibi- 
lityz no more then that a like accidental proceſs;as have ellwhere hinted, 
may alſo be ſuppoſed to explicate the method of Nature inthe AMetamoy- 
phoſes of Plants. And though the difference between a Plant and an Ani- 
mal be very great, yet I have not hitherto met with any fo cogext an Ar- 
gument, as to make me poſitive in affirming theſe two to: be altogether 
Heterogeneous,and of quite differing kinds of Nature: And beſides.as there 
are many Zoophyts, and ſenfitive Plants(divers of whichT have ſeen, which 
are ofa middle nature,and ſeem to be Natures tranſition from one depree 
to another, which may be obſerv'd inall her other paſlages, wherein ſhe 
is very ſe|dom obſerv'd to leap from one ſtepto another) ſo have we,in 
ſome Authors, Inſtances of Plants turning into Animals, and Animalsinto 
Plants, and the like; and ſome other very ſtrange (becauſe unheeded) 
proceedings of Nature; ſomething of which kind may be met with, in 
the deſcription of the Fater-Gzat., though it be not altogether fo dire& 
to the preſent purpoſe. 

But to refer this Diſcourſe of Animals to their proper places, I ſhall 
add, that though one ſhould ſuppoſe, or it ſhould be prov'd by Obferva- 
tions, that ſeveral of theſe kinds of Plants are accidentally ry by a 
eafual pxtrifaG#:or, I ice not any great reaſon toqueſtion, but that, not- 


withſtanding its own production was as 'twere caſual, yet it may germi- 


nate and produce ſeed, and by it propagate its own, that 1s,a new Species, 
For we do not know, but that the Omnipotent and All-wiſe Creator 
might as direQly defign the ſtruture of ſuch a Vegetable, or ſuch an 
Animal to be produc'd out of ſuch or ſuch a putrifa@ion or change of 
this or that body, towards the conſtitution or ſtructure of which, he 
knew it neceflary, or thought it fit to make it an ingredient; as that the 
digeſtion or moderate heating of an Egg, either by the Female, or the 
Sun, or the heat of the Fire, or the like, ſhould produce thisor that Bird ; 
or that PutrifaZive and warm ſteams ſhould,out of the blowings;as they 
call them, that is, the Eggs of a Flie, produce a living Magot, and that,by 
degrees, be turn'd into an Axrelia, and that, by a-longer and a propor- 
tion'd heat, be #renſmuted into a Fly. Norneed we therefore to ſuppoſe 
it the more imperſet inits kind, then the more compounded Vegetable 
oy Animal of which it is a part; for he might as compleatly furniſh it 
with all kinds of contrivances necefiary for its own exiſtence, and the 
propagation of its own Species, and yet make it a part of a more cam- 
pounded bady: as a Clock-maker might make a Set of Chimes to be a 
part ofa Clock, and yet, when the watch part or ſtriking part are taken 
away, and the hindrances of its motion remov'd, this chiming part 
may go as accurately, and ſtrike its tune as exadty, as if it were fhll a 
part of the compounded Autoreater. So, though the origing] cauſe, or 
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ſeminal principle from which this mimite Plant on Roſe leaves did forins:; 
 ebveS ke corruption caus'd by the Mill-dew, dongle hay 
of the leaf onn'which it grew, and did ſerve as a zvagert inthe prodyi- 
6nand coniſtirution of it,. yet might it be ſo conſummate. as to protiuce x 
ſ&d'which might have a power of propagating the ſame ſpecies:tho works 
ef the Creator ſeeming of fuch an exce}ency,that thovgh they titetinable 
t6 help ro theperfeCting of the more compounded exiſtence of the greates 
Phnt or Animal,they _ have notwithſtanding an ability of ating fingly 
upon thejr' own internal principle, fo as to produce a Vegetable boy; 
. though of #ltſs compounded nature, and to proceed fo fart in the me- 
thod of other Vegetables, as to bear flowets and ſeeds, which may beca- 
pabale of propagating the like. So that the little cafes which appear -to 
srow onthe” top of the ſlender ſtalks, may, for ought Iknow,; though 1. 
ſhould fyppoſe them to ſpring from the perverting of the uſual courſe of 
the parent Vegetable, contain a ſeed, which, being ſcatter'd on' other 
leaves of the ſame Plant, may produce a Plant of much the ſame kind. 

- Nor are 'Damaſk-Roſe leaves the onely leaves that produce theſe 
kinds of Vegetable ſproutings; for I have obſery'd them alſo in ſeveral 
other kinds-of Roſe leaves, and on the leaves of ſeveral ſorts of Briers; 
and on Bramble leaves they are oftentimes to be found in very'greatr. 
eſters; ſo that I have fonnd in one chuſter,three, four, or five hundred of 
them, making a very conſpicuous black fpot or ſcab ot the back fide of 
the leaf. / | ROE Bott nt DH 
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Obſerv.” X X. Of blue Mould, and of the firſt Principles of Ves 
 getationariſing from PutretaQtion. 4] 


ff hs Blue and White and ſeveral kinds of hairy monldy ſpots, which 
| areobſervable upon divers kinds of putrify' bodies, whether Ani- 
mal ſubſtances,or Vegetable;ſuch as the (kin, raw or dreſs'd, fleſh,bloud, 
humours; milk, green Cheeſe, &c. or rotten ſappy Wood,'or Herbs, 
Leaves, Barks, Roots, ec. of Plants, are all of them nothing elſe but ſe-. 
veral kinds of ſmall and variouſly figur d Muſhroms, which, from conve- 
nient materials in thoſe pxtrifying bodies, are, by the concurrent heat of 
the Air, excited. to a certain kind of vegetation, which will not be un- 
worthy our more ſerious ſpeculation and exatnination, as I ſhall by and 
by ſhew. Bur. firſt, I muſt premiſe a ſhort deſcription of this Specimrer, 
which I have added'of this Tribe, in the firſt Figure of the X IT. Scheme, 
which is nothing elſe but the appearance of a ſmall white ſpot of hairy 
avald awltnuies of which I found to beſpeck & whiten over the red co- 
vers ofa ſmall book, which, it ſeetns, were of Sheeps-ſkin,that being more 
- to gruee mould, evenin a dry and clean rooth, theft other leathers. 
Theſe ſpots appear'd,through a good Aticroſcope,to be a very pretty ſhap'd 
Vegetative body. which, from almoſt the ſame parr of the Leather, ſhot 

out 
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out multitudes of ſmall long cylindrical and tranſparent ſtalks,nor exaQ- 
ly ſtreight,but a little bended with the weight of a round and white knob 
that grew on the top of cach of themz many of theſe knobs I obſery'd 
to be very round, and of a ſmooth ſurface, fuch as A A, &. others 
ſmooth likewiſe. but a little oblong,as B; ſeveral of them a little broken, 
or cloven with chops at the top, as C3 others flitter d as twere, or flown 
all to pieces, as D D. The whole ſubſtance of theſe pretty bodies was 
ofa very tender conſtitution, much like the ſubſtance of the ſofter kind 
of common white Muſhroms, for by touching them with a Pin, I found 
them to be bruſed and torn ; they ſeem'd each of them to have a di- 
ſtin& root of their own; for though they grew neer together in a cluſter, 
yetI could perceive each ſtem to riſe out of a diſtinct part or pore of the 
Leather ; ſome of theſe were {mall and ſhort, as ſeeming to have been but 
newly ſprung up, of theſe the balls were for the moſt part round, others 
were bigger.,and taller,as being perhaps of a wy growth,and of theſe, 
for the molt part, the heads were broken, and ſome much waſted, asF; 
what theſe heads contain'd I could not perceive ; whether they were 
knobs and flowers, or ſeed caſes, I am not able to ſay, but they ſeem'd 
moſt likely to be of the ſame nature with thoſe that grow on Muſhroms, 
which they did,ſome of them, not a little reſemble. 
Both their ſmell and taſte, which are aCtive enough to make a ſenſible 
impreſſion upon thoſe organs, are unpleaſant and noiſome. 

I could not find that they would ſo quickly be deſtroy'd by the actual 
flame of a Candle, as at firſt ſight of them I conceived they would be,but 
they remain'd intire after I had paſt that part of the Leather on which 
they ſtuck three or four times through the flame of a Candle: fo that, it 
ſeems they are-not very apt to take fire, no more then the common white 
Muſhroms are when-they are ſappy. | 

There are a ted of other ſhapes, of which theſe Azeroſcopical 
Muſhroms are figur'd, which would have been a long Work to have de- 
{cribed,and would not have ſuited ſo well with my deſign in this Treatiſe, 
onely.amongſt the reſt, I muſt not forget to take notice of one that was a 
little like to, or reſembled, a Spunge, conſiſting of a multitude of little 
Ramifications almoſt as that body does, which indeed ſeems to be a kind 
of Water-Muſhrom, of a very pretty texturc, as I elſe-where manifeſt. 
And a ſecond, which I muſt not omit, becauſe often mingled, and neer 
adjoining to theſe T have deſcrib'd,and this appear'd much like a Thicket 
of buſhes, or brambles, very much branch'd,and extended,ſome of them, 
toa great length, in proportion to their Diameter,like creeping brambles. 

The manner of the growth and formation of this kind of Vegetable, is 
the third head of Enquiry,which, had I time,I ſhould follow : the figure 
and method of Generation in this concrete ſeeming to me, next after 
the Enquiry into the formation, figuration, or chryſtalization of Salts, to 
be the moſt ſimple, plain, and cafie; and it ſeems to be a medinm 
through which he muſt neceſſarily paſs, that would with any likelihood. 
inveſtigate the forma informans of Vegetables : for as I think that he ſhall/ 
find it a very difficult taſk, who undertakes to diſcover the form of $a- 
line 
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line cryſtallizations, without the conſideration and preſcience of the na- 
ture and reaſon of a Globular form, and as difficult to explicate this con- 
figuration of Muſhroms, without the previous conſideration of the form 
of Salts; fo will the enquiry into the forms of Vegetables be no leſs, if 
not much more difficult, without the fore-knowledge of the forms of 
Muſbroms, theſe ſeveral Enquiries having no leſs dependance one up- 
on another then any ſelect number of Propoſitions in Mathematical Ele- 
ments may be made to have. | 

Nor do [imagine that the ſkips from the one to another will be found 
yery great, if beginning from fluidity, or body without any form, we 
deſcend gradually,till we arrive at the higheſt form of a bruite Animal's 
Soul, making the ſteps or foundations of our Enquiry, Fluidity. Orbicu- 
lation, Fixation, Anenlization, or Cryſtallization Germination or Ebull;- 
tion, Vegetation,Plantanimation, Animation, Senſation, Imagination. 

Now, that we may the better proceed in our Enquiry, It will be re- 
quiſite to conſider : 

Firſt, that Mould and Muſhroms require no ſeminal property. but the 

former may be produc'd at any time from any kind of prtrifying Anitnal, 
or Vegetable Subſtance,as Fleſh,@*c. kept moiſt and warm,and the latter, 
if what Aathiolzs relates be true, of making them by Art, are as much 
within our command, of which Matter take the Epitomie which Mr. 
Parkinſon has deliver d in his Herbal, in his Chapter of Muſhroms, becauſe 
E have not Xathiolws now by me : Unto theſe Muſhroms (ſaith he) av 
alſo be adjoyn'd thoſe which are made of Art (whereof Mathiolus rakes mer- 
tion) that grow naturally among certain ſtones in Naples, and that the 
ftones being digg'd up, and carried to Rome, and other places, where they 
fet them in their Wine Cellars, covering them with a little Earth,and ſprinks 
ling a little warm water thereon, would within four days produce Muſhroms 
fit to be eaten, at what time one will: As alſo that Muſhroms may be mad 
to grow at the foot of a wilde Poplar Tree, within four days after, warn 
water wherein ſome leaves have been diſſolu'd ſhall be pour d into the Root 
(which muſt be ſlit) and the ſtock above ground. 

Next, that as Muſhroms may be generated without ſeed, fo does it 
not appear that they have any ſuch thing as ſeed in any part of them; for 
having confidered ſeveral kinds of them, I could never find any thing in 
them that I could with any probability gheſs to be the ſeed of it, ſo that 
It does not as yet appear (that I know of) that Muſhroms may be ge- 
nerated from a ſeed, but they rather ſeem to depend merely upon a con- 
venient conſtitution of the matter out of which they are made, and a 
concurrence of either natural or artificial heat. i t 

Thirdly,that by ſeveral bodies (as Salts and Metals both in Water and 
inthe air, and by ſeveral kinds of fablimations iti the Air) aftuated and 
99K with a congruous heat, there-tnay be produc'd ſeveral kinds of 
odies as curiouſly, if not of a more' compos'd Figure ; ſeveral kinds of 

riſing or Ebulliating Figures ſeem to manifeſt ;'as witneſs the ſhooting 
inthe ReQification of ſpirits of Urine, Hart-horn, Blond, $&C. witnels al oO 
the curious btanches of evaporatetÞ diflolations; :ſome of - them — 
, rae 
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the ſides of the containing Jar : others ſtanding up, or growing an end, 
out of the bottom, of which I have taken notice of a very great variety, 
But above all the reſt, it is a very pretty kind of Germination which is af. 
forded us in the Silver Tree, the manner of making which with Mercy 
and Silver, is well known to the Chymiſts, in which there is an Ebullition 
or Germination, very much like this of Muſhroms, if I have been rightly 
inform'd of it. ; : 
Fourthly, I have very often taken notice of, and alſo obſerv'd with a 
Microſcope, certain excreſcencies or Ebullitions in the ſnuff of a Candle, 
which, partly from the — of the ſmoaky particles as they are car- 
ryed upwards by the current 0 the rarify'd Air and flame, and artly 
alſo from a kind of Germination or Ebullition of ſome actuated unctuous 
parts which creep along and filter through ſome ſmall ſtring of the Week, 
are formed into pretty round and uniform heads, very much reſembling 
the form of cs ur Muſhroms, which, being by any means expos'd to the 
freſh Air, or that air which encompaſſes the flame, they are preſently 
lick'd up and deyour'd by it, and vaniſh. 
The reaſon of which Pheromenon ſeems to me.to be no other then this ; 
That when a convenient thread of the Week is ſo bent out by the ſides 
of the ſnuff that are about half an Inch or more, remov'd above the 
bottom,or loweſt part of the flame,and that this part be wholly included 
in the flame; the Oyl (forthe reaſon of filtration, which I have elſe- 
where rendred) being continualy driven up the ſnuff, is driven like- 
wiſe into this ragged bended-end, and this being remov'd a good 
diſtance, as half an Inch or more, above the bottom of the flame, the 
arts of the air that paſſes by it, are already, almoſt fatiated with the diſ- 
ſolution of the boiling untuous ſteams that iſflued out below, and there- 
fore are not onely glutted, that is, can diflolve no more then what they 
are already ating upon, but they carry up with them abundance of 
uncuous and ſooty particles, which meeting with that rag of the Week, 
that is plentifully fill'd with Oy], and onely ſpends it as faſt as it evapo- 
rates, and not at all by diſſolution or burning, by means of theſe ſteamy 
parts of the filterated Oyl iſſuing our at the fides of this ragg, and being 
inclos'd with an air that 1s already fatiated and cannot prey upon them 
nor burn them, the aſcending footy particles are ſtay'd about it and fix'd, 
ſoas that about the end of that ragg or hlament of the ſnuff, whence the 
greateſt part of the ſteams iſſue, there is conglobated or fix'd a round 
and pretty uniform cap, much reſembling the head of a Muſhrom, which, 
if it be of any great bigneſs, you may obſerve that its underſide will be 
bigger then that which is above the rapg or ſtem of it ; for the Oyl that is 
brought into it by filtration, being by = bulk ofthe cap a little thelter'd 
from the heat of the flame, SC. that means iflue as much out from be- 
neath from the ſtalk or downwards, as it does upwards, and by reaſon of 
the great acceſs of the adventitious ſmoak from beneath,it increaſes moſt 
that way. Thatthis may be the true reaſon of this Phenomenon, I could 
Pr oduce many Arguments and Experiments to make it probable ; As, 
Firſt, that the Filtration carrics the Oyl tothe top of the Week. at leaſt 
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as high as theſe raggs, 1s viſible to one that will obſerve the Tuff of 4; 
burning Candle with a Aficroſcope, where he thay ſee an Ebullition o# 
bubbling of the Oy], as high as the ſnuff looks black. | | 

Next,that it does ſteam away more then burn; I could tell you of the 
dim burning of a Candle, the longer the ſnuff be which ariſes from the 
abundance of vapours out of the higher parts of it. | 

And, thirdly, that in the middle of the flame of the Candle, -neer the 
top of the ſ{rutt, the fire or — principle is nothing neer ſo ſtrong, 
as heer the bottom and out edges of the flariie, which may be obſerv'd by 
the burning aſunder of a thread, that will firſt break in thoſe parts'that 
the edges of the flame touch, and not in the middle. | fn 

And I could add ſeveral Obſervables that I have taken notice of in the 
flame ofa Lamp actuated with Bellows, and very many others that con- 
firm me in my opinion, but that it is not ſo much to my preſent purpoſe, 
which is onely to conlider this concreet in the ſnuff of a Candle; ſo fart 
as it has any reſemblance of a Muſhrom, to the conſideration of which, 
that I may return, I ſay, we may allo obſerve! 

In the firſt place, that the droppings or trillings of Lapideſcent waters 
in Vaults under ground,ſeem to conſtitute a kind ofpetrify'd body,form'd 
almoſt like ſome kind of Muſhroms inverted.,in ſo much that I have ſeen 
fome knobb'd a little at the lower end, though for the moſt part, indeed 
they are otherwiſe ſhap'd,and taper'd towards the end; the generation of 
which ſeems to be from no other reaſon but this, that the water by ſoak- 
ing through the earth and Lime (for I gheſs that ſubſtance to add 'mnch 
to it petrifying quality) does ſo impregnate it ſelf with ſtony particles, 
that hanging in drops in the roof of the Vault, by reaſon that the 
ſoaking of the water is but ſlow, it becomes expos'd tothe Air, and there- 
by the outward part of the drop by degrees grows hard, by reaſon that 
the water gradually evaporating the ſtony particles neer the outfides of 
the drop begin to touch, and by degrees, to dry and grow cloſer toge- 
ther, and at length conſtitute a cruſt or ſhell about the drop; and this 
ſoaking by degrees, being more and more ſupply'd, the drop grows 
Jonger and longer, and the fides harden thicker and thicker 1tito a 
Quill or Cane, and at length, that hollow or pith becomes almoſt ſtop'd 
up, and ſolid : afterwards the ſoaking of the petrifying water, finding no 
longer a paſſage through the middle, burſts out, and trickles down the 
outfide, and as the water evaporates, leaves new ſuperinduc'd ſhells, 
which more and more fiyell the bulk of thoſe Iceiclesz and becauſe of 
the great ſupply from the Vault, of petrifying water, thoſe bodies 'grow 
bigger and bigger next to the Vault, and taper or ſharpen towards the 
point; for the acceſs from the arch of the Vault being but very flow.,and 
conſequently the water being ſpread very thinly over the ſurface of the 
Iceicle, the water begins to ſettle before it can reach to the bottom, or 
corner end of it 5 whence, if you break one of theſe, you would almoſt 
imagine it a ſtick of Wood petrif'd, 'it having fo pretty a reſemblance of 
pith and grain, and if you look on' the outlide of a piece, or of one 
whole, you would think no lefs; both from its vegetable roundnefs and 
is, T tapering 
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tapering form ; but whereas all Vegetables are obſerv'd to. ſhoot and 
ow perpendicularly upwards, this does ſhoot or propend directly 
ownwards. 

By which laſt Obſervables, we ſee that there may be 2 very pretty 
body ſhap'd and concreeted by Mechanical principles, without the leaf 
ſhew or probability of any other ſeminal formetrix. 

And fince we find that the great reaſon of the Phemomena of thispret- 
ty petrifa@ion, are to be reduc'd from the gravity of a fluid and pretty 

 volatil body impregnated with ſtony particles, why may not the Pheno- 
awexra of Ebullition or Germination be in part poſhbly enough deduc'd 
from the levity of an impregnated liquor, which therefore perpendicu- 
larly aſcending by degrees, evaporates and leaves the more ſolid. and 
fix'd parts behind in the form of a Muſhrom, which is yet further diverſi- 
fy'd and ſpecificated by the forms of the parts that impregnated theli- 
quor, and compoſe or help to conſtitute the Mulhrom. 

That the foremention'd Figures of growing Salts, and the Silver Tree, 
are from this principle, I could very eafily manifeſt ; but that I have not 
now a convenient opportunity of following it, por have I made a ſuffici- 
ent number of Experiments and Obſervations to propound, explicate,and 
prove ſo uſefull a Theory as this of Muſhrogs: for, though the con- 
trary principle to that of peirify d Iceicles may be in part a cauſe; yet 
I cannot but think, that there is ſomewhat a more complicated cauſe, 
though yet Mechanical, and poſſible to be explain'd. 

We therefore have further to enquire of it, what makes it to be ſuch a 
liquor, and to aſcend, ha heat of the Sun and Air, or whe+ 
ther that of frmentiation and putrifa@iov, or both together ; as alſo whe+ 
ther there be not a third or fourth; whether & Saline principle be not a 
conſiderable agent in this buſineſs alſo as well as heat 5 whethes alſo a fixa+ 
tion, precipitation or ſettling of certain parts out of the acrial Muſhrom 
may not be alſo a conliderable coadjutor in the buſinels. Since we find 
that many pretty beards or ſtirie of the particles of Silvex may be preci- 
paged upon a piece of Braſs put into a ſolxtion of Silver very much di- 
uted with fair water, which look: not unlike a kind of mould or hoax 

upon that piece of metal ; and the hoar froſt looks like a kind of woyld z 
and whether there may not be ſeveral others that do concurr to the pro» 
duttion ofa Muſhrom, having not yet had ſufficient time to proſecute ace 
cording to my deſires, I muſt referr this toa better opportunity of my 
qwn, or cave and recommend ito the more diligent enquiry .and exa- 
mination of ſuch as can be maſters both of leiſure and convemencies for 
ſuch ay Enquizy. . ir 23 5 br 

And in the mean-time, I muſt conclude, that as far as I have beenable 
to look into the natuxe gf this Primaxy kind of life and vegetation, [ can- 
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he leaſt probable argument ta perſwade me there is any other 
concurrent cauſe. then fuch as is purely Mechanical, and that the effects 
or produGions are as necellaxy upon the. copgurrepce of thaſe cauſes a 
that a, Ship, when. the Sails axe hailt,up,; aud the Rudder js {et ta ſucks 
politipa-thould, when the Wind blows,/by moy'dip ſuch ayay or courſe 
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to that of tother place: Or, as that the bruſed: Watch, which I men- 


IJT 


tion in the deſcription of Moſs, ſhould, when thoſe parts which hindred- 


its motion were fallenaway, begin to move, but after quite another mans 


ner then it did before. | x i 


, 
A; 


Obſerv. XX1. Of Moſs, and ſeveral other ſinall vegetative 'Sub- 
ſtances. lift ann 


Oſs'ts a Plant, that the wiſcſt of Kings thought neither unworthy 


bulk one of the ſmalleſt, yet it is nor the leaſt conſiderable : For, as to its 
ſhape, it may compare for the beauty of it with'aty Plant that grows, 
and bears a much bigger breadth; it has a root almoſt like a ſeedy: Parſ- 
nep, furniſh'd with ſmall ſtrings and ſuckers, which are all of then finely 
branch'd, like thoſe of the roots of much bigger Vegetables; out of this 
ſprings the ſtem or body of the Plant, which is ſomewhat ©vadraxgular,' 
rather then Cylindrical, moſt curiouſly fluted or ſtrung with imall creaſes, 
which run,for the moſt part, para/el the whole ſtem 3 on the ſides of this 
are cloſe and thick ſet, a multitude of fair, large,well-ſhap'd leaves, ſome 
of them of a rounder, others of a longer ſhape, accotding as they are 
* ounget or older when pluck'd ; as I gheſs by this, that thoſe Plants that 
had the ſtalks growing from the top of them, had their leavesof a much 
longer ſhape, all the ſurface of each ſide of which, is curioutly cover'd 
with a multitude of little oblong tranſparent bodies, in the manner as 
you ſee it expreſs'd in the leaf B, in the XIII. Scherre. | 

* ThisPlant, when young and ſpringing up, does much reſemble a Houſ: 
leek, having thick leaves,almoſt like that, and ſeems to be ſomwhat of kin 
co it in other particulars; alſo from the top of the leaves, there ſhoots out 
a ſmall white and tranſparent hair, or thorn : This ſtem; in time,come to 
fhoot our into a long,roundand even ſtalk, which by cutting tranſverſly, 
when dry, I manifeſtly found to be a ſtiff, hard, and hollow Cane, or 
Reed, without any kind of knot, or ſtop, from its bottom, where the 
teaves encompaſs'd it, to the top. on which there grows a Jarge ſeed caſe, 
A, cover'd with a thin, and more whitiſh ſkin, B, terminated-in a long 
thorny top, which ar firſt covers all the Caſe, and by degrees, as that 
ſwells, the ſkin cleaves. and at length falls off, with its thorny top and all 
(which is a part of it) and leaves the ſeed Caſe to ripen, and by degrees, 
to ſhatter out its ſeed at a place underneath this cap, B, which before 
the ſeed is ripe, appears like a flat barrd button, without any hole inthe 
middle; but as it ripens, the button grows bigger; and a hole appears in 
the middle of it, E, out of which, in all probability, the ſeed falls: For 
asitripens by a proviſion of Nature, that end of this Caſe turns down» 
ward after the ſame manner as the ears of Wheat and Barley ufually do; 


and opening ſeveral of theſe dry red Caſes, F, I found them to be 
EA _ quite 


his ſpeculation, nor his Pen, and though amongſt Plants it*be'in 
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quite hollow,without any thing at all in them.z whereas when I cut them 
aſunder with a ſharp Pen-knife when green, 1 found in the middle of this 
oreat Caſe,another in aller round Caſe,between which two,the izterſtices 
were fill'd with multitudes of ſtringie fibres, which ſeem'd to ſufpend the 
leſſer Caſe in the middle of the other, which (as farr as I was able todiſ- 
cern) ſeem'd full of exceeding ſmall white ſeeds, much like the ſeed-bagg 
in the knop of a Carnation, after the flowers have been two or three 
days,or a week,fallen aff; but this I could not fo perfectly diſcern, and 
therefore cannot poſitively affirm 1t. | 

After the ſeed was fallen away, I found both the Caſe, Stalk,and Plant, 
all grow red and wither, and from other parts of the root continually to 
ſpring new branches or {lips, which by degrees increaſed, and grew as 
bigg as the former, ſeeded, ripen'd, ſhatter'd, and wither'd. 

I cou}d not find that it obſerv'd any particular ſeaſons for theſe ſeveral 
kinds of growth, but rather found it to be ſpringing, mature, ripe, ſeedy, 
and wither'd at all times of the year; But I found it moſt to flouriſh and 
increaſe in warm and moiſt weather. 

It gathers its nouriſhments,tor the moſt part,out of ſome Lapideſcent,or 
other ſubſtance corrupted or chang'd from its former texture, or ſub- 
ſtantial form; for I have found it to grow on the rotten parts of Stone, 
of Bricks, of Wood, of Bones, of Leather. &c. 

It oft grows on the barks of ſeveral Trees, ſpreading it ſelf, ſometimes 
from the ground upwards, and ſometimes from ſome chink or cleft of 
the bark of the Tree, which has ſome patrifg'd ſubſtance in it ; but this 
ſeems of a diſtin&t kind from that which I obſerv'd to grow on putrify'd 
1oanimate bodies, and rotten earth. 

There are alſo great varieties of other kinds of Moſſes, which grow on 
Trees, and ſeveral other Plants, of which I ſhall here make no mention, 
nor of the Moſs growing on the ſkull of a dead man, which much re- 
ſembles that of Trees. 

Whether this Plant does ſometimes originally ſpring or riſe out of cor- 
ruption,without any diſſeminated feed, I have not yet made trials enough 
to be very much, either poſitive or negative; for as it ſeems very hard to 
conceive how the ſeed ſhould be generally diſpers'd into all parts where 
there is a corruption; begun, unleſs we may rationally ſuppoſe, that this 
ſeed being ſo exceeding imall,and conſequently exceeding light,is there- 
by taken up, and carried to and fro in the Air into every place,and by 
the falling drops of rain is waſh'd down out of it, and fo diſpers'd into all 
places, and there onely takes root and propagates, where it finds a con- 
venient ſoil or matrix forit tothrive in; ſo if we will have it to proceed 
from corruption, it isnot leſs difficult to conceive, 

Firſt, how the corruption of any Vegetable, much leſs of any Stone or 
- Brick, ſhould be the Parent of fo curiouſly figur'd, and fo perfect a 

Plant as this is. But here indeed, I cannot bur add, that it ſeems rather tq 
be a produd of the Rain in thoſe bodies where it isſtay'd, then of the 
very bodies themſelves, fince I have found it growing an Marble, and 
Flint; but always the 4ficroſcope, if not the naked eye, would diſcover 
ſome little hole of Dirt in which it was rooted. Next, 


MickocGRaAPHi as: 
Next,how the corruption of each of thoſe exceedingly differing bodies 


ſhould all conſpire to the production of the ſame Plant, that is;that Stones, 
Bricks, Wood, or vegetable ſubſtances, and Bones, Leather, Horns, or 
anitnate ſubſtances, unleſs we may with ſome plaufibleneſs fay, that Air 
and Water are the coad jutors, or wenſtrunms,in all kinds of putrifaGions, 
and that thereby the bodies (though whilſt they retain'd their fibſtan- 
tial forms, were of exdceeing dittering natures, yet)ſince they are difiblv'd 
and mixt into another, they may be very Homogeneors, they being almoſt 
reſolv'd again into Air, Water, and Earth; retaining,perha ps, Obe part of 
their —_ faculty yet entire, which meeting with congrious aſ- 
fiſtants, ſuch as the heat of the Air, and the fluidity of the Water, and 
ſuch like coadjutors and conveniences, acquires acertain vegetation for 
| _ wholly dittering perhaps from that kind - of vegetation it had 
cfore. 
Toexplain my meaning a little better by a groſs Similitude : 
Suppoſe a curious piece of Clock-work, that had had ſeveral motions 
and contrivances in it, which, when in order. would all have mov'd in 
their defign'd methods and Periods. We will further ſuppoſe, by ſome 
means, that this Clock comes to be broken, bruſed, or otherwiſe diſfor- 
dered, fo that ſeveral parts of it being diſlocated, are impeded, and fo 
ſtand ſtil], and not onely hinder its own progreſſive mation, and produce 
not the etfe& which they were deſign'd for, but becauſe the other parts 
alſo havea dependence upon them, pur a ſtop to thetr mation likewiſe 3 
and fo the whole Inſtrument becomes unſerviceable,, and nor fit for any 
uſe. This Inſtrument afterwards, by ſome ſhaking and tumbling, and 
throwing up and down, comes to have ſeveral of its parts ſhaken out, and 
ſeveral of 1ts curious motions, and contrivances, and particles all fallen 
aſunder ; here a Pin falls out, and there a Pillar, and here a Wheel, and 
there a Hammer, and a Spring, and the like, and among the reſt, away 
falls thoſe parts alſo which were bruſed and diſorder'd, and had all this 
while impeded the motion of all the reſt; hereupon ſeveral of thoſe other 
motions that yet remain, whoſe ſprings were not quite run down, being 
now at liberty, begin each of them to move, thus or thus, but quite after 
another methad then before, there being many regulating parts and the 
like,fallen away and loſt. Upon this, the Owner, who chances to! hear 
and obſerve ſome of theſe effects, being ignorant of the Watch-makers 
Art, wonders what is betid his Clock, and preſently imagines that. 
ſome Artiſt has been at work, and has ſet his Clock in Ss, and made a 
new kind of Inſtrument of it, but upon examining circumſtances,he finds 
there was no ſuch matter, but that the caſual ſlipping out of a Pin had 
made ſeveral parts of his Clock fall to pieces, and that thereby the ob- 
ſtacle that all this while hindred his Clock, together with other uſefull 
parts were fallen out, and fo his Clock wal at liberty. And upon 
winding up thoſe ſprings again when run down, he finds his Clock to go, 
but quite after another manner then it was wont heretofore. | 
And thus may it be perhaps in the bufineſs of Moſs and Mould, and: 


Muſhroms, and ſeveral other ſpontaneous kinds of vegetations, which 
may 
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may be'causd by a vegetative principle, which was a coadjutor to the 
life and growth of the greater Vegetable, and was by the deſtroying | 
of the life of it ſtopt and impeded in performing{ its office. z but after- 
wards, upon a further corruption of ſeveral parts that had all the while 
impeded it, the heat of the Sun winding up, as it were, the ſpring, ſets it 
again into a vegetative motion, and this being ſingle, and norar all regu- 
lated as it was before(when a partof that greater machize the priſtine ye- 
getable)is mov'd after yu a differing manner,and produces effects very 
differing from thoſe it did before. 

But this I propound onely as a conjecture, not that I am more enclin'd 
to this Hypotheſs then the ſeminal, which upon good reaſon | ghels to be 
Mechanical allo, as I may elſewhere more fully ſhew : But becauſe I may, 
by this, hint a poſſible way how this appearance may be ſolv'd; ſuppoſing 
we ſhould be driven to confeſs from certain Experiments and Obſervati- 
ons made; that ſuch or ſuch Vegetables were produc'd out of the cor- 
ruption of another, without any concurrent ſeminal principle (as T have 
given ſome reaſon to ſuppoſe, in the deſcription of a 4Lcroſcopical Muſh- 
rome) without 45 $5909. all from the infinite wiſdom of the Creator, 
For this accidental production, as I may call it, does manifeſt as much, if 
not very much more, of the excellency of his contrivance as any thing in 
the more perfect vegetative bodies of the world, even as the accidental 
motion of the Automaton does make the owner ſee, that there was much 
more contrivance init then at firſt he imagin'd. But of this I have added 
more in the deſcription of Mould,and the Vegetables on Roſe leaves,*c. 
thoſe being much more likely to have their original from ſuch a cauſe 
then this which I have here deſcribed, in the 13. Scheme, which indeed] 
cannot conceive otherwiſe of, then as of a moſt perfect Vegetable, want- 

. Ing nothing of the perfeCtions of the moſt conſpicuous and vaſteſt Vege- 
tables of the world, and to be of a rank ſo high, as that it may very 
properly be reckon'd with the tall Cedar of Lebazor, as that Kingly 
Botaniſt has done. 

We know there may be as much curioſity of contrivance, and excel- 
lency of form in a very ſmall Pocket-clock, that takes not up an Inch 
ſquare of room,as there may be in a Church-clock that fillsa whole room ; 
And I know not whether all the contrivances and 2/echaniſms requiſite 
to a perfeCt Vegetable, may not be crowded into an exceedingly lels 
room then this of Mofs, as I have heard of a ſtriking Watch ſo oall 
that it ſerv'd for a Pendant in a Ladies ear; and I have already given 
you the deſcription of a Plant growing on Roſe leaves, that is abundant- 
ly ſmaller then Moſs; inſfomuch, that neer 1000. of them would hardly 
make the _ of one ſingle Plant of Moſs. And by comparing the 
bulk of Moſs, with the bulk of the biggeſt kind of Vegetable we meet 
with in Story (of which kind we find in ſome hotter climates, as Gnine, 
and Brafile, the ſtock or body of ſome Trees to be twenty foot in Dia- 
meter, whereas the body or ſtemof Moſs, for the moſt part, isnot above - 
one: fixtieth part of an Inch) we ſhall find that the bulk of the one 
will exceed the bulk of the other, no leſs then 2985984 Millions, 


OL 


Mierockatruil, x25 
or 2985984000009, and ſuppoling the production 06a Roſe leaf tobe. © 
aPlant, wefhall have of thoſe Indian Plains to exceed - — 
the ſame Vegetable kingdom no leſs then | {© ©7O) times:hhe-former: numbegz; 
ſo prodigioutly various are: the works of the Creator,a0d fo. All-tuficient 
is be to, perform what to man, would ſeem, unpoſhble, they being: boch | 
alike cafie to him, even as one day, and a thouſand years; are to: himas 
one and the fame time. -—— ; i | nn 
Lhave taken notice of ſach an infivite variety: of thoſe. ſmaller kindaof 
vegetations, that ſhou]d Ebave defcribed every onedf themythey-would: 
almoſt have fill d a Volume,and prov'd bigg; enough to have madeia nee; 
Herbal, ſuch multitudes are there to be found n' moiſt hog weagher, 
eſpecially in the Summer time, on all kind of putrifying fabſtances; which, 
whether they- do more properly belong to the CYaffas of Iirſbromes.; or 
Aonlds, or Moſjes, | ihall not now diſpute, there being fome that.frenz 
more properly of one kind , others of another , their. colours and 
magnitudes being as mach differing as their Figures and ſubſtances,/ / 
Nay, I have obſerv'd,that putting fair Water (whether Rainwater or 
Pump-water, vr 2H4x-dew, or Snow-water, it was alinoft all one) Lhaye 
often obſerv'd, I fay, that this Water would, with a little (tapding, rarnifh 
and cover all about the ſides of the Glaſs that Tay under water, with a 
lovely green ; but though k have often endeavour'd to.diſcover with my 
Merafops whether this green were like Mob, or long ſtriped Seaweed, 
or any other peculiar foxm, yet fo ill and imperfet are our Avcrofogpes, 
that Ecould not certainly diteyiminate any. ro ito Whid 
Growing Trees alſo, and-any kinds of Woods, Stores, Bones; cc, thad 
have been long exposd to the Air apd Rain, will be a}l over cover'd with 
- agreeni{h ſcurff, which will very much foul and greenaty kind of eloaths 
that are rubb'd againſt itz viewing this, | could nox: certainly petecive 
in many parts of it any determinate form,though uh many I could. perceive 
a Bed as 'rwere of young Maſs, but in other parts it look'd almojt like 
= buſhes,and very confus'd,but always af what ever irregulay Figures 
the parts appear'd of, they were always green, and eem'd to, be either 


, 


ſome Vegetable, or to have ſome vegetating prineiple. 
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Obſerv, KX11. 0f common Sponges, and ſevexal ther Spongie 
ftbrous bodies. | - 11. 


| Sponge is commonly reckon'd among the Jagphyte, or Plant An 
| A mals; and the texevre of it,which the 4ccraſcope dilcayers, ſeems. to 

eonfirm jt ; for it is of.a form whereof I never obferv'd any pther Vege- 
table, and. indeed.it fecins impotlible that any fhould be of it;}fox it con- 
Glts of an infiiite number of (mall hore fibres, or nervous Parts, MUCH. of 
the fame: _— curiqutly jointed .or contex'd together: in; the form 
ofa Not, ads more'plainty mariifeft by the lnts. Drought wiyen Lhave 


126 MrcrocRAPHIA, 


ER NESS <% "_ 
- 


to ; ova alittle harder;break,andleave onely the thread behind, which 
mg 


added, in the third Figure of the I X. Scheme, of a piece of it, which you 
may perceive repreſents a confus'd heap of the fibrous parts curiouſly 
jointed and implicated. The joints are, for the molt part, where three 
fibres onely meet;for I have very ſeldom met with any that had four. 

At theſe joints there is no one of the three that ſeems to be theſtock 
whereon the other grow, but each of the fibres are, for the moſt part, of 
an equal bigneſs, and ſeem each of them to have an equal ſhare inthe 
Joint 3 the fibres are all of them much about the ſame bigneſs, not ſmaller 
towards the top of the Sponge, and bigger neerer the bottom or root, as 
is uſuall in Plants, the length of each between the joints, is very Irregu- 
lar and different; the diſtance between ſome two joints, being ten or 
twelve times more then between ſome others. | 

Nor are the joints regular, and of an equitriagonal Figure, but,for the 
moſt part, the three fibres ſo meet, that they compoſe three angles very 
differing all of them from one another. 

The meſhes likewiſe, and holes of this reticulated body, are not lefs 
various and irregular : ſome bilateral, others trilateral, and quadrilateral 
Figures; nay, I have obſerv'd ſome meſhes to have 5, 6, 7,8, or g. ſides, 
and ſome to have onely one, fo exceeding various 1s the Laſns Nature in 
this body. ; 

As to the outward appearance of this Vegetative body, they are ſo 
uſuall every where, that I need not deſcribe them, conliſting of a ſoft 
and porous ſubſtance, repreſenting a Lock, ſometimes a fleece of Wooll ; 
but it has beſides theſe ſmall microſcopical pores which lie between the 

fibres; a multitude of round pores or holes, which, from the top of it, 
pierce into the body, and ſometimes go quite through to the bottom, 

I have obſerv'd many of theſe Sponges, to have included likewiſe in 
the midſt of their fibrous contextures, pretty large friable ſtones, which 
muſt either have been inclos'd whilſt this Vegetable was in formation,or 
r= in thoſe places after it was perfeCtly ſhap'd. The later of which 
eems the more improbable, becauſe I did not find that any of theſe ſtony 
ſubſtances were perforated with the fibres of the Sponge. 

I have never ſeen'nor been enform'd of the true manner of the grow- 
ing of Sponges on the Rock;whether they are found to increaſe from little 
to great, like Vegetables,that is, part after part, or like Animals, all parts 
equally growing together ; or whether they be »v«trices or ſeed-baggs of 
any kind of Fiſhes, or ſome kind of watry InſeQ 3 or whether they are at 
any times more ſoft and tender, or of another nature and texture;which 
things, if I knew, I ſhould much defire to be informed of: .but from a 

curſory view that I at firſt made with my Aficroſcope, and ſome other 
trials,f ſuppoſed it'to-beſome Animal ſubſtance caſt out, and faſtned up- 
on tlie-Rocks in the*form of a froth, or coxgerzes of bubbles, like that 
which Thave ofter/ obſery'd on Roſemary, and other Plants (wherein 
1s inchided a little Inſet) that all the little films which divide. theſe 
bubbles ene from another, did preſently,almoſt after the ſubſtance began 


t be, as twere; theangle or thread between. the bubbles, that the 
great 
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preat holes or pores obſcrvable in theſe Sponges were made by the'ert 


ption of the included Heterogeneous ſubſtance (whether air, or ſotwe' 
other body, for many other fluid bodies will do the ſame thing) which 
breaking out of the leſſer, were colleGed into very large bubbles and 
ſo might make their way out of the Sponge, and in their paſlage might 
leave a round cavity ; and if it were Jarge,might carry up with it'the ad 
Jacent bubbles, which may be perceiv'd. at the outſide'of the Sponge, if 
it be firſt throughly wetted, and fuffer'd to plump it ſelf into its natutal 
form, or be then wrung dry, and ſuffer'd to oxpabed it felf again, whichit' 
will freely do. whil ſt moiſt : for when it has thus plump'd it ſelf into its 
natural ſhape and dimenſions, "tis obvious enough that the mouths of the 
larger holes have a kind of lip or riſing round about them, but the other 
ſmaller pores have little or none. It may further be found, that each of 
theſe great pores has many other ſmall pores below, that are united unto 

it, and help to conſtitute it, almoſt like ſo many rivulets or ſmall ſtreams 
that contribute to the maintenance of a large River. Nor from this 
Hypotheſts would it have' been difficult to explicate, how thoſe little 
branches of Coral, ſmal Stozes, Shells, and the like, come to be included 

by theſe frothy bodies : Burt this inded was but a conjeCture ; and upon 

a more accurate Enquiry into the form of it with the Xfcroſcope, it ſeems 

not to be the true origine of them; for whereas Sponges have onely 
three arms which join together at each knot, if they had been generated 
from bubbles they muſt have had four. VE FELHES 
- But that they are Animal Subſtances, the Chymical examination of 
then ſeems to manifeſt, they affording a volatil Salt and fpirit,like Harts- 
Horn, as does alſo their great ſtrength and toughneſs, and their ſmell 
when burn'd in the Fire or a Candle, which has a kind of fleſhy ſent,nor 
much unlike to hair. And having fince examin'd ſeveral Authors con- 

cerning them,among others,I find this account given by Be/oxixs, in the 

X I. Chap. of his 2* Book, De Aquatilibus. Spongie recentes, ſays he, & ficcis 

longe diverſe,ſcopulis aque trarine ad duos vel tres cubitos,nonnunquam qua- 

tnor tantum digitos immerfis, ut fungi arboribus adherent, ſordido quodant 
ſucco aut mucoſa potins ſanie referte uſque aded fetida.ut vel eminus nauſeant 
excitet., continetur autem 13s cavernis, quas inanes in ſiccis & lotis Spongits 
cernimns : Putris pulmonis modo nigre conſpiciuntur, veriim que in ſublinti 
aque naſcuntur multo magis opaca nigredine ſuffuſe ſunt. Vivere quident 
Spongias adherendo Ariſtoteles cenſet : abſolute vero minime : ſenſumque 
aliquem habere, vel eo argumento (inquit) credantur, quod difficillime ab- 
ſtrahantur niſt clanculum agatur: Atq;, ad auulſoris acceſſum ita contrahantur,; 
ut eas evellere difficile ſit, quod idems etiam faciunt quoties flatus tempeſta- 

teſque mrgent. Puto autem illjs ſuccum ſordidum quem ſupra diximm car- 

zis loco 4 natura attributum fuiſſe : atque meatibus latioribus tan- 

quam inteſtinis ant interaneis uti. Ceternm pars ea que Spongie cartibus 
adherent eſt tanquam folii petiolus, 4 quo veluti collum quoddam gracile 71 

cipit : quod deinde in latitudinem diffuſum capitis globum facit. Recentibus 

»ihil eſt fiſtuloſum, heſitantque tanquam radicibws. Superne omnes propemo- 


dum meatws concreti latent : inferne verd quatern aut quini patent, per quos 
yY eas 
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. eas fagere exiſtimanus. From which Deſcription, they ſeem to be a kind 
of Plant-Animal that adheres to a Rock, and theſe ſmall fibres or threads 
which we have deſcribed, ſeem to have been the Veſſels which is very 

robable) were very much bigger whil it the ns were till'd (as 
46 affirms) with a mucous,pulpy or fleſhy ſubſtance 3 but upon the drying 
were ſhrunk into the bigneſs they now appear. Y 

The texture of it is ſuch, that I have not yet met with any other body 
in the world that has the like, but onely one of a larger fort of Sponge 
(which is preſerv'd in the Mſeurm Harveanum belonging to the moſt 
Iluſtrious and moſt learned Society of the Phyſiciars of London) which is 
of a horney, or rather of a petrify*d ſubſtance. And of this indeed, the 
texture and make is exaCtly the ſame with common Sponges, but onely 
that both the holes and the fibres, or texture of it is exceedingly much 

bigger,for ſome of the holes were above an Inch and half over, and the 

fbres and texture of it was bigg enough to be diſtinguiſhed eaſily with 
ones eye, but conſpicuouſly with an ordinary ſingle X:croſcope. And theſe 
indeed, ſeem'd to have been the habitation of ſome Animal ; and ex- 
amining Ariftotle, I find a very conſonant account hereunto, namely, that 
he had known a certain little Animal, call'd P:zzothera, like a Spider, to 
be bred in thoſe caverns of a heats og within which,by opening and 
xs 6. holes, he inſnares and catches the little Fithes;z and in ano- 
ther place he ſays, That'tis very confidently reported, that there are cer- 
tain Moths or Worms that reſide in the cavities of a Sponge,and are there 
nouriſhed : Notwithſtanding all which Hiſtories,] think it well worth the 
enquiring into the Hiſtory and nature of a Sponge, it ſeeming to promiſe 
ſome information of the Veſſels in Animal ſubſtances, which Oy reaſon 
of the ſolidity of the interſerted fleſh that is not eaſily remov'd, without 
deſtroying alſo thoſe interſpers'd Veilels) are hitherto undiſcover'd; 
whereas herein a Sponge,the Parezchyma,it ſeems,is but a kind of mucuus 
8ely, which is very eaſily and cleerly waſh'd away. 

e reaſon that makes me imagine, that there may probably be ſome 
ſuch texture in Animal ſubſtances, is, that examining the texture of the 
filaments of tann'd Leather, I find it to be much of the ſame nature and 
ſtrength of a Sponge; and with my 4ficroſcope, I have obſerv'd many ſuch 
joints and knobs, as I have deſcribed in Sponges, the fibres allo in the hol- 
low of ſeveral ſorts of Bones, after the Marrow has been remov'd, I have 
found fomewhart to reſemble this texture, though, I confeſs, I never yet 
found any texture exadtly the fame, nor any for curioſity comparable 
ro It, 

The filaments of it are much ſmaller then thoſe of Silk, and through 
the Aicroſcope appear very-neer as tranſparent, nay, ſome parts of them 
Ihaveobſerv'd much more. 

Having examin'd aHo ſeveral kinds of Muſhroms, I finde their texture 
to be ſomewhat of this kind, that is, to conſiſt of an infinite company of 
imall filaments, every way contex'd and woven together, ſo as to wake a 
kind of cloth, and more particularly, examining a piece of Touch-wood 
(which isa kind of Jews-eor, or Muſbrom, growing here in England allo, 


ON 


MicRoGraPHithi 


on ſeveral: forts of Trees, ſuch as Elders, Maples, Willows, ec. and is 
commonly call'd by thename of Spxrk; but that we meet with 'to be 
1old in Shops, 1s brought from beyond Seas) I found it to be majle of at 
excceding delicate texture: For the ſubſtance of it feels, and looks to 
the naked eye,and may be ſtretch'd any way,exadlylike a very fine piece 
of Chamois Leather, or waſh'd Leather. but it isof ſomewhat a-browhnerx. 
hew, and nothing neer fo {trong ; but examining it, with my: Microſcope, 
I found it of ſamewhat another make then any; kind of Leather ; for 
whereas both Chamois, and all other kinds of Leather I have yet yiew'd, 
conſiſt of an infinite company of filaments, ſomewhat like buſhes inter- 
woven one within another, that 1s,of bigger parts or ſtems, asit were, and 
{ſmaller branchings that grow out of them; or like a heap of Ropes ends, 
where each of the larger Ropes by degrees _ 5o.ſphe or untwilt, into 
many ſmaller Cords, and-each of thoſe Cords ints ſmalle? Lites, and 
thoſe Lines into Threads, &*c. and theſe ſtrangely intangled, or inter- 
woven one within another : The texture of this Touch-wood ſeems 
more like that of a Lock or a Fleece-of Wool, for it confiſts of an infinite 
number of ſmall filaments, all of them, asfarr as I could perceive, of the 
{lame bigneſs like thoſe of a Sponge, but that the filaments of this were 
not a twentieth part of the bigneſs of thoſe of a Sponge; and I could not 
ſo plainly perceive their joints, or their manner of interweaving, though, 
asfarrasI was able to diſcern with that AficroſcopeT had, I ſuppoſe it to 
have ſome kind of reſemblance, but the joints are nothing neer ſo thick, 
nor without much trouble viſible. 

The filaments could plainly enough perceive to be even,ronnd,cylin- 
drical,tranſparent bodies,and to croſs each other every way, that is, there 
were not more ſeem'd to lie horizontally then perpendicularly and'thwart- 
way, fothat it is ſomewhat difficult to conceive how they ſhould grow 
in that manner. By tearing, off a ſmall piece of it, and looking 'on the 
ragged edge, I could among ſeveral of thoſe fibres perceive {mall joints, 
that is, one of thoſe hairs ſplit into two, each of the ſame bigneſs with the 
other out of which they ſeem'd to grow, but having not lately had an 
opportunity of examining their manner of growth, I cannot poſitively at- 
firm any thing of them. EE : ns 

But to proceed, The ſwelling of Sponges upon wetting, and the riſing 
of the Water in it above the ſurface of the Water that it touches, are 
both from the ſame cauſe, of which an account is already-giveninthe 
ſixth Obſervation. | 

The ſubſtance of them indeed, has ſo many excellent properties,{catce 
tobe met with in any other body in the world; that I have often won- 
dered that ſo little uſe is made of it, and thoſe onely vile and fordid 3 
certainly, if it were well conſider, it would afford much greater con- 
ventencies. -LH8 ERA RET 

That uſe which' the Divers are ſaid to make ofit , ſeems, if true, 
very ſtrange, but having made trial of it my ſelf, by dipping a {mall plece 
of it in very good Sallet-oyl,and putting it iv my mouth,and then keep 
Ing my mouth and noſe under water,[ could = nd any fuchthing 3 __ 

2 | 


+ IA MC ARS hte PI VG NY AOL EE + YA LO EDIT Y TEND Seer, en ow 


I4O MickoGRAPHI A: 


was 2s ſoon out of breath.as if T had had no Sponge,nor could I fetch my 
breath without taking in water at my mouth ; but I am Very apt to 
think, that were there a contrivance whereby the expir d air might be 
forc'd to paſs through a wet or oy]y Sponge before it were again inſpir', 
it might much cleanſe, and ſtrain away from the Air divers fuliginous 
and other noiſome ſteams, and the dipping of it in certain liquors might, 
rhaps. ſo renew that property in the Air which it loſes in the Lungs,b 
\SOs breath'd, that one ſquare foot of Air might laſt a man for reſpirat- 
on much longer, perhaps,then ten will now ſerve him of common Air. 


EE a .,. 


Obſerv. XX1II1I. Of the curious texture of Sea-weeds. 


Or curioſity and beauty, I have not among all the Plants or Vege- 
tables I have yet obſerv'd, ſeen any one comparable to this Sea-weed 

I have heredeſcrib'd, of which I am able to fay very little more then what 
is repreſented by the ſecond Figure of the ninth Scheme: Namely, that 
it is a Plant which grows upon the Rocks under the water, and increaſes 

and ſpreads it ſelf into a great tuft, which is not onely handſome] 
branch'd into ſeveral leaves, but the whole ſurface of the Plant iscover'd 
over with a moſt curious kind of carv'd work, which conſiſts of a tex- 
ture much reſembling a Honey-comb ; for the whole ſurface on both ſides 
is cover'd over with a multitude of very ſmall holes,being no bigger then 
'ſo many holes made with the point of a ſmall Pinn, and rang in the 
neateſt and moſt delicate order imaginable, they being plac'd in the man- 
ner of a @xincunx, or very much like the rows of the eyes of a Fly, the 
rows or orders being very regular, which way foever they are obſerv'd : 
what the texture was, as it appeard through a pretty bigg mag 
Microſcepe, 1 have here adjoind in the firſt Figure of the 14. Scheme, 
which round Area AB CD repreſents a part of the ſurface about one 
eighth part of an Inch in Diameter : Thoſe little holes, which to the eye 
look'd round, like ſo many little ſpots, here appear'd very regularly 
ſhap'd holes, repreſenting almoſt the ſhape of the ſole of a round toed 
ſhoe, the hinder part of which, is, as it were, trod on or cover'd by the 
toe of that next below itztheſe holes ſeem'd wall'd about with a very thin 
and tranſparent ſubſtance, looking of a pale ſtraw-colour z from the edge 
of which; againſt the middle of cach hole, were ſprouted out four ſmall 
tranſparent ſtraw-colour'd Thorns, which ſeem'd to prote& and cover 
thoſe cavities, from either fide two; neer the root of this Plant, were 
ſprouted out ſeveral ſma]l branches of a kind of baſtard Coralline, curi- 
ouſly branch'd, though ſmall. 

And to confirm'this, having lately the opportunity of viewing the 
large Plant (if I may fo call it) of a Sponge petrify'd, of which I made 
mention im the laſt Obſervation, I found, that each of the Branches or 
Figures of it, did, by the range of iits pores, exhibit juſt ſuch a On, 
UL tne 
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the rows of pores crofiing one another, much after the ; NE 

rows of eyes do which are deſcrib'd inthe 26.Scheme :: wary? mia 
ſeveral ſorts of white Coral, I have with a Xficreſtope oblery'd vetyitu- 
rioully ſhap'd. And I doubt not, but that he that ſhall oblerye theſe: 
ſeveral kinds of Plants that grow upon Rocks, which the Sea: ſome: 
times overflows, and thoſe heaps of others which are votnited out.of no 
on the ſhore, may find multitudes of little Plants, and other bodies,which 
like this will afford very beautifull objeCts for the Adicroſcopr 3 and this 
Specimen here is adjoind onely to excite their curioſities whothave opk 
portunity of obſerving to examine and colle&t what they find woprchy, 
their notice 3 for the Sea, among terreſtrial bodies, is alſo a ;prolifick, 
mother, and affords as many Inſtances of fpoxtaneous generations as.ci- 
ther the Air or Earth. - OED 
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Obſerv. XXIV. Ofthe ſurfaces of Roſernary, and other leaws; 


xs His which is delineated within the circle of the ſecond Figrre of the 
JS 14. Scheme, is a {mall part of the back or under fide of a leaf of 
Roſemary, which I did not therefore make choice of, becauſe ithad any 
thing peculiar which was not obſervable with a Aficroſcope in ſeyergl 
other Plants, bur becauſe it exhibits at one view, "Fn 
Firſt, a ſmooth and ſhining ſurface, namely, AB, which is a part'vf the 
upper ſide of the leaf, that by a kind of hemor doubling of the leaf ap- 
pears On this fide. There are multitudes of leaves, Whoſe ſurfaces ate 
like this ſmooth, and as it were quilted, which look like a curious quilted 
bagg of green Silk, or like a Bladder, or ſome ſuch pliable ns 
ſubſtance, full ſtuffed out with a green juice or liquor; the ſurface of 
Rue, or Herbgraſs, is poliſh'd, and all over indented, or pitted, hkethe 
Silk-worm's Egg,which I ſhall anon deſcribe z the ſmooth ſurfaces of other 
Plants are otherwiſe quilted, Nature in this, as it were, expreſſing her 
Needle-work, or imbroidery. 

Next a downy or buſhy ſurface, ſuch as is all the under fide almoſt; 
appearing through the Afcroſcope much like a thicker of buſhes, and with 
this kind of Down or Hair the leaves and ſtalks of multitudes of Vege- 
tables are covered ; and there ſeems to be as great a variety in the ſhape, 
bulk, and manner of the growing of theſe ſecundary Plants, asI may call 
them (they being, as it were, a Plant growing out of a Plant, ur ſome- 
what like the hairs of Animals) as there is to be found amongſt ſmall 
ſhrubs that compoſe buſhes; but for the moſt part, they confilt of imall 
tranſparent parts, ſome of which grow in the thape of ſmall Needlesor 
Bodkins,as on the Thiſtle, Cowag-ecod and Nettle; others in the formof 
Cat's claws,as in Cliders, the beards of Barley, the edges of ſeveral forts 
of Graſs and Reeds, ec. in other,as Coltsfoot,Roſe-campion, Aps, Poplar, 
Willow, and almoſt all other downy Plants, they grow in the form of 


buſhes very much diverfify'd in each particular Plant. That which I have 
before 
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before itrvthe 19. Obſervation noted on Roſe-leaves, 1sof a. quite differ- 
ing kind, and ſeems indeed a real Vegetable, diſtinct from the leaf, 
Thirdly, among theſe ſmall buſhes are obſervable an infinite compan 

of ſmall found Balls, exattly Globular, and very much reſembling Pearls, 
namely;>C CCC, of theſe there! may be multitudes oblerv'd in Sage, 
and ſeveral other Plants, which I ſuppoſe was the reaſon why Athanaſeus 
Kircher ſuppoſed 'them to be all coyer'd with Spiders Eggs, or young 
Spiders; which indeed is nothing elſe but ſome ind of gummous exſu- 

ation,which is always much of the ſame bigneſs. At firſt fight of theſe] 
confeſs; I imagin'd that they might have been ſome kind of watrices,”or 
nouriſhing receptacles for ſome ſmall Inſect, juſt as I have found Oak- 
apples, and multitudes 'of ſuch other large excreſcencies on the leaves 
and other parts of Trees and ſhrubs to be for Flyes, and divers other In- 
ſes, but obſerving them to be there all the year, and ſcarce at all to 
change their magnitude, that conjecture ſeem d not ſo probable. But 
what ever be the uſe of it, it affords a very pleaſant objec through the 
Microſcope, and tmay,” perhaps, 'upon further examination, prove very 
luciferous. 


—_——— 


Obſerv. XXV. Of the ſtinging points and juice of Nettles, and 
ſome other venomous Plants. 
A Nettle is a Plant ſo well known to every one,as to what the appear- 
A ance oft is to the naked eye,that it needs no deſcription;and there 
are very few that have not felt as well as ſeen it; and therefore it will be 
no news to tell that a gentle and flight touch of the {kin by a Nettle,does 
oftentime, not onely create very ſenſible and acute pain, much like that 
of a burnor ſcald,but often alſo very angry and hard {wellings and infla- 
mations of the parts, ſuch as will preſently riſe, and continue ſwoln di- 
vers hours. Theſe obſervations, I ſay, are common enough ; but how the 
pain is ſo ſuddenly created, and by what means continued, augmented 
for a time, and afterwards diminiſh'd, and at length quite ex{tinguiſh'd, 
has not, that I know, been explain'd by any. 
And here we muſt have recourſe to our A4croſcope, and that will, if 
almoſt any part of the Plant be looked on, ſhew us the whole ſurface of 
| It very thick ſet with turn-Pikes, or ſharp Needles, of the ſhape of thoſe 
repreſented in the I5. Scheme and firſt Figure by A B, which are viſible 
alſo to the naked eye; each of which conſiſts of two parts very diſtinct 
for ſhape,and differing alſo in quality from one another. For the part A, 
is ſhaped very much hke around Bodkin,from B tapering till it end in a 
very ſharp point; it is of a ſubſtance very hard and ſtiff, exceedingly 
tranſparent and cleer; and, as I by many trials certainly found, is hollow 
from top to bottom. | 
This T found by this Experiment, Ihad a very convenient m_ 
cope 
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ſcope with a ſingle Glaſs which drew abour half an Toch.this I bad faftned 
intoa little frame, almoſt like a pair of SpeCtacles, which I placed before 
mine eyes, and ſo holding the leaf of a Nettle at a convenient diſtance 
from my eye, [ did firſt, with the thruſting of ſeveral of theſe briſtles into 
my ſkin, percetve that preſently after I had thruſt them in I felt the bunn- 
ing pain begin ; next I obſerv'd in divers of them, that upon thruſting 
my foger againſt their tops, the Bodkin (if I may fo call it) did not in 
the Ieaſt bend, but I could perceive moving up and down within it a cer- 
tain liquor, which upon thruſting the Bodkin againlt its bafis, or bagg B, 
I could perceiveto riſe towards the top, and upon taking away my hand, 
I could fee it again ſubſide, and ſhrink into the bagg 3 this I did very 
often, and ſaw this Pheromenon as plain as I could ever ſee a parcel of 
water aſcend and deſcend ina pipe of Glaſs. But the baſis underneath theſe 
Bodkins on which they were faſt, were made of a more pliable ſubſtance, 
and looked almoſt like a little bagg of green Leather, or rather reſem- 
bled the ſhape and ſurface of a wilde Cucumber, or cucumeris afinins, 
and I could plainly perceive them to be certain little baggs, bladders,or 
receptacles full of water, or asI ghels, the liquor of the Plant, which was 

ifonous, and thoſe imall Bodkins were but the Syringe-pipes, or Gly- 
| vr which firſt made way into the ſkin, and then Reved to convey 
that poiſonous juice,upon the preffing of thoſe little baggs. into the in- 
terior and ſenſible parts of the ſkin, which being ſo diſcharg'd, does cor- 
rode, or, asit were, burn that part of the ſkin it tonches ; and this pain 
will tometimes laſt very long, according as the umpreffion is made deeper 
or ſtronger. 

The other parts of the leaf or ſurface of the Nettle, have very little 
conſiderable, but what 1s common to moſt of theſe kinds of Plants, as the 
ruggedneſfs or indenting, and hairinefs, and other roughnefles of the ſur- 
face or out-{ide of the Plant, of which I may fay more in another place. 
As I ſhall likewiſe of certain little pretty cleer Balls or Apples whichT 
have obſerved to ſtick tothe ſides of theſe leaves, both on the upper and 
under fide, very much like the ſmall Apples which Ihave often obferv'd 
to grow on the leaves of an Oak call'd 04k-apples which are nothing but 
the Metrices of an InſeCr, as I elſewhere ſhew. 

The chief thing therefore is, how this Plant comes, by ſo {light a touch, 
to create fo great a pain;and the reafon of this ſeems to be nothing ele, but 
the corroſive penetrant liquor contain'd inthe ſmall baggs or bladders, 
upon which grow out thoſe ſharp Syringe-pipes, as I before noted ; and 
very conſonant to this, is the reafon of the pain created by the ſting of A 
Bee, Waſp, &c. asI elſewhere ſhew: For by the Dart, which islikewile 2 

ipe, is made a deep paſlage into the ſkin, and then by the anger of the 
ly, is his gally poiſonous liquor injefted ; which being admitted among 
the ſenfible parts, and fo mix'd with the humours or > mags Juices of 
that part, does create an Ebullition perhaps, or efferveſcens, as 18 uſually 
obſerv'd in the mingling of two differing Chymical ſaline liquors, by 
which means the parts Feemes ſwell'd, hard, and very painfull ; for 


thereby the nervous and ſenſible parts are not onely ſtretch'd and _ 
eyon 
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beyond their natural #oxe, but are alſo prick d, perhaps, or corroded by 

the pungent and incongruous pores of the intruded'liquor. 

And this ſeems to be the reaſon, why Aqua fortis, and other ſaline li- 
quors, if they come to touch the ſenſitive parts, as in a cut of the ſkin, 
or the like, do ſo violently and intollerably excr»ciate and torment the 
Patient. And 'tis not unlikely, but the Inventors of that Diabolical pra- 
Rice of poiſoning the -points of Arrows and Ponyards, might receive 
their firſt hint from ſome ſuch Inſtance in natural contrivances, as this of 
the Nettle : for the ground why ſuch poiſon'd weapons kill ſo infallibly 
as they do, ſeems no other then this of our Nettle's ſtinging 3 for the Pon- 
yard or Dart makes a paſſage or entrance into the ſenſitive or vital parts 
of the body, whereby the contagious ſubſtance comes to be diſlolv'd by, 
and mix'd with the fluid parts or humours of the body,and by that means 
ſpreads'it ſelf by degrees into the whole liquid part of the body, in the 

ame manner, as a few grains of Salt,put into a great quantity of Water, 

will by degrees diffuſe it ſelf over the whole. 

And thisI take to be the reaſon of killing of Toads, Frogs, Efis, and 
ſeveral Fiſhes, by — Salt on their backs (which Experiment was 
ſhewn to the Royal Society by a very ingenious Gentleman, and a worthy 
Member of it) tor thoſe creatures having always a continual exſudation, 
as1t were,of {limy and watry parts,ſweating out of the pores of their ſkin, 
the /alizte particles, by that means obtain a vchicle,which conveys them in- 
to the internal and vital parts of the body. 

This ſeems alſo to be the reaſon why bathing in Mineral waters are 
ſuch ſoveraign remedies for multitudes of diſtempers,eſpecially chronical; 
for the liquid & warm vehicles of the Mineral particles,which are known 
to be in very conſiderable quantities in thoſe healing baths,by the body's 
long ſtay in them, do by degrees ſteep and infinuate themſelves into the 
pores and parts of the ſkin,and thereby thoſe Mineral particles have their 
ways and paſlages open'd to penetrate into the inner parts, and mingle 
themſelves with the ſtagaazt juices of the ſeveral parts ; beſides,many of 
thoſe offenſive parts which were united with thoſe ſtagnant juices, and 
which were contrary to the natural conſtitution of the parts, and ſo be- 
come irkſome and painful] tothe body,but could not be diſcharged, be- 
cauſe Nature had made no proviſion for ſuch accidental miſchiefs, are, by 
means of this ſoaking, and filling the pores of the ſkin with a liquor, at- 
forded a paſſage through that liquor that fills the pores into the am- 
bient fluid, and thereby the body comes to be diſcharged. 

— So that tis very evident,there may be a good as well as anevil applica- 
tion of this Principle. And the ingenious Invention of that Excellent 
perſon, DoCtor Wren, of injecting liquors into the veins of an Animal, 
ſcemsto be reducible to this head : I cannot ſtay, nor is this a fit place, to 
mention the ſeveral Experiments made of this kind by the moſt incom- 
parable Mr. Boyle, the multitudes made by the lately mention'd Phyſiciar 
Doctor Clark, the Hiſtory whereof, as he has been pleas'd to commu- 
nicate to the Royal Society, ſo he may perhaps be prevail'd with to make 
publique himſelt; But I hall rather hint, that certainly, if this Principle 
Were 


were well conſider'd,there might, beſides the further improving of Bath- 
ing and Syringing mto the veins, be thought on ſeveral ways, whereby 
ſeveral obltivate diſtempers of a humane body,ſuch asthe Gout,Dropſie, 

Stone, &c. might be maſter'd, andexpell'd; and good men might make 

as gooda uſe of it, as evil men have made a perverle and Diabolical. 

And that the filling of the pores of the ſkin with ſome fluid zebicle, is 
of no ſmall efficacy towards the preparing a pallage fot ſeveral kids of 
penetrant juices, and other ditjoluble bodies, to infinuate themſelves 
within the ikin, and into the ſenfitive parts of the body, may be, I think, 
prov'd by an Inſtance given us by Be/orizs, in the 26. Chapter of the 
ſecond Book of his Obſervations , which containing a very remarkable 
Story I have here tranſcrib'd : Cum Chameleonis nigri radices (lays he) 
apud Pagum quendam Livadochorio nuncupatum erui curaremus, plarini 
Greci © Turce ſpeGatum venerunt quid erveremus, eas vero fruftulatin ſe- 
cabamns, &* filo trajiciebanms ut facilins exſiceari poſſent. Turce in eo we- 
gotto accupatos nos videntes, ſtmiliter eas radices traftare & ſecare volue- 
rant: at cum ſummuws jet efins, & omnes ſudore maderent, quicungue 
ears radicew manibus trad averant ſnderemque abſterſerant, aut faciem di- 
gitis ſcalpſerant, tantam pruriginem iis locis quos attigerant poſtea ſenſerunt, 
at aduri viderentur, Chamelconis enim nigri radix ea virtute pollet. ut cus 
ti applicata ipſam adeo inflammet, ut nec ſquille, nec wriice ulle centeſima 
parte ita adurent : At prurigo non adea celeriter ſeſe prodit. Poſt unam ant al- 
tera porro horam, (inguli variis facies locis cutem adeo inflawmatam ha- 
bere cepimns ut tota ſanguinea videretur, atque quo magis ear confricaba< 
mus tanto magis excitabetur prurigo. Fonti Jr '6 aide ſub platano,atque ini- 
tio pro ludicro habebamms & ridebamws : at tandem illi plurimum indignati 
ſunt, & mſi aſſeveraſjemus mnquam expertos talivirtute eam plantampollere, 
hand dubre male nos multaſſent, Attamen noftra excuſatio fuit ab illts facili- 
*9 accept e,Cuum eden incommodo nos affettos conſpicerent, Mirumn ſane quod 
in tantillo radice tam ingentem efficaciam noſtro malo experti ſumme. 

By which obſervation of his,iti\cems maniteſt,that their being all cover'd 
with ſweat who gather'd and cut this rogt of the black Chameleon Thiltle, 
was the great reaſon why they ſuffer'd that inconvenience, for it ſeems the 
hkecircumſtance had not been before that noted, nor dol[ find any men- 
tion of ſuch a property belonging to this Vegetable in any of the Her- 
balsI have at preſent by me. | 
' I could give very many Obſervations which I have made of this kind, 
whereby have found that the beſt way to get a body to be inlinuated 

into the ſubſtance or inſenſible pores of another, is fir(t, to find a fluid 
vehicle that has ſome congruity,both to the body to be inſinuated,and to 
the body into whoſe pores you would have. the other convey'd. And in 
this Principle lies the great myſtery of ſtaining ſeveral ſorts of bodies, as 
Marble, Woods, Bones, &-c. and of Dying Silks, Cloaths, Wools, Fea- 
thers, &c, But theſe being digreflions, I ſhall proceed to : 


— 


Obſerv. X X V I, Of Cowage,and the itching opetation of ſome bodies, 
: | "Here's a certain Down of a Plant, brought from the Eaft-Indijes,call'd 


4A commicnty. though very improperly, Cow-itch, the reaſon of which 
2 aan 4, ugh very 1mproperly, X 2 take 
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miſtake is manifeſt enough from the deſcription of it, which Mr. Parkinſor 
ſets down in his Herbal, Tribe XI. Chap. 2. Phaſtolns filique hirſuta ; The 
hairy Kidney-bean, called in Zurratte where it grows, Conhage : We have had 
(lays he) another of this kind brought #4 ont of the Eaſt-Indies, which being 
planted, was in ſhew like the former, but came not to © 154 the unkindly 
ſeaſon not ſuſfering it to ſhew the flower ; but of the Cods that were brought, 
ſome were ſmaller, ſhorter, and rounder then the Garden hind: others much 
longer, and many growing together, as it were in cluſters,,and cover'd all over 
with a brown ſhort hairinefs, ſo fine, that if any of it be rubb'd, or fall onthe 
back, of ones hand, or other tender parts of the skin, it will cauſe a kind of 
itching, but not ſtrong, nor long induring, but paſſing quickly away, without 
either danger or harm; the Beans were ſmaller then ordinary, and of a black, 
ſhining colour. : ; 

Having one of theſe Cods given me by a Sea-Captain, who had fre- 
quented thoſe parts, I found it to be a ſmall Cod, about three Inches 
long, much like a ſhort Cod of French Beans, which had fix Beans init, 
the whole ſurface of it was cover'd over with a very thick and ſhinin 
brown Down or Hair, which was very fine, and tor its bigneſs if” 

taking ſome of this Down, and rubbing it on the back of my hand, 1 
ub very little or no trouble, only I was ſenſible that ſeveral of theſe 


little downy parts with rubbing did penetrate, and were ſunk, or ſtuck 
pretty deep into my ſkin. After I had thus rubb'd it for a pretty while, 
I felt very little or no pain, in ſo much that I doubted, whether it were 
the true Couhage ; but whilſt I was conſidering, I found the Down begin 


to make my hand itch, and in ſome places to ſmart again, much like the 
ſtinging of a Flea or Gnat, and this continued a pretty while, ſo that by 
degrees T found my ſkin to be fwell'd with little red puſtules, and to 
look as if it had been itchie. But ſuffering it without rubbing or ſcratch- 
ing, the itching tickling pain quickly grew languid, and within an hour 
I felt nothing at all, and the little protuberancies were vaniſhd. | 
The cauſe of which odd Phenomenon, 1 ſuppoſe to be much the ſame 
with that of the ſtinging of 'a Nettle, for by the Microſcope, I diſcover'd 
this Down to conſiſt of a multitude of ſmall and flender conical bodies, 
much reſembling Needles or Bodkins, ſuch as are repreſented 'by A B. 
C D. EF. of the firſt Figure of the XVI. Scheme; that their ends AAA, 
were very ſharp, and the fabſtance of them ſtiff and hard, much like the 
ſubſtance of ſeveral kinds of Thorns and crooks growing on Trees. And 
though they appear'd very cleer and tranſparent, yet I could not per- 
ceive whether they were hollow or not, but to me they: appeard 
like ſolid tranſparent bodies, without any cavity in them ;| -whether, 
though they might not be a kind of Cane, fill'd with ſome tranſpa- 
rent liquor which was hardned (becauſe the Cod which I had was very 
dry) I was not able to examine. 0 ids 
Now, being ſuch ſtiff, ſharp bodies, it is eafie to conceive, how with 
rubbing they might eaſily be thruſt into the tender parts of the skin,and 
there, by reaſon of their exceeding, fineneſs and drinefs, not create: any 
confiderable trouble or . till by remaining in thoſe places-moiſtned 
with the humours of the body, ſome cauſtick part ſticking cn.them, or 
_ reſiding 
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reſiding within them might be diſloly'd'and mix'd with the ambient jiice 
of that place, and thereby thole fibres and tender /parts ont _ 
come aftetted, and as1t were corroded by it; whence, while that acti- 
on laſts, the pains created are pretty ſharp and pungent, though ſmall. 
which is the eſſential property of an itching one; TITS 

That the pain alſo cauſed by the ſtinging of a Flea, a Gnat, a Flie. a 
Waſp, and the like, proceeds much from the very ſame-cauſe, [elſewhere 
in their proper places endeavour to manifeſt, The ſtinging alſo of ſhred 
Horſ-hair, which in meriment is often ſtrew'd between the ſheets of a Bed, 
ſeems to proceed from the ſame cauſe; 


CERES 


Obſerv. XX V11. Of the Beard of a wilde Oat, and the uſe that 
may be made of it for exhibiting always to the Eye the temperature 
of the Air, as to dringfs and moiſture. 


Tis Beard of a wild 0at, is a body of a very curiousſtructure,though 

to the naked Eyeit appears very light, and inconfiderable, it being 
ohly a ſmall black or brown Beard or Briſtle, which grows out of the (ide 
of the inner Husk that covers the Grain of a wild 0atzthe whole length of 
it, when put in Water, ſo that it may extend it ſelf toits full length,isnot 
above an Inch and a half,andfor the moſt part ſomewhat ſhorter,but when 
the Grain is ripe, and very = which is uſualy in the Moneths of Fuly, 
and Axgvft, this Beard is bent ſomewhat below the middle, natnely,about 
+ fromthe bottom of it, almoſt to a right Angle, and the under part of 
itis wreath'd lik a With ; the ſubſtance of it is very brittle when dry, and 
it will very eaſily be broken from the husk on whictrit grows. 

If you take one of theſe Grains, and wet the Beard in Water, you will 
preſently ſee the ſmall bended top to turn and move round, as if it were 
ſenſible; and by degrees, if it be continued wet enough, the joint or knee 
will ſtreighten it ſelf; and if itbe ſutfer'd to dry agaln, it will by degrees 
move round another way, and at length bend apain into 1ts former 
poſture. | 

If it be view'd with an ordinary ſingle 44croſcope, it will appear like 
2 ſmall wreath'd Sprig, with two clefts; and if wet as before, and 
then look'd on with this 44:croſcope, it will appear to unwreath it ſelf, 
and by degrees,to ſtreighten its knee, and the two' clefts will 'become 
ſtreight, and almoſt on oppoſite ſides of the ſmall cylindrical body. 

If it be continued to be look'd a little longer with a 4f:croſcope, 1t 
will within a little while begin to wreath it (ie again, and ſoon after 
return to its former poſture, bending it ſelf again neer the middle, into 
a kind of knee or angle. | | 

Several of thoſe bodies I examin'd with larger Microſcopes, and there 
found them much of the make ofthoſe two long wreath'd cylinders de- 


lineated in the ſecond Figure of the 15. Scheme, which two cylinders re- 
X 2 preſent 
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ſent the wreathed part broken into two pieces,whereot the end AB is 
to be ſuppos'd to have join'd tothe end CD, fothat EA CF does repre- 
ſent the whole wreath'd part of the Beard, and EG a {mall piece of the 
upper part of the Beard which is beyond the knee, which as I had not 
room to'inſert, ſo was it not very confiderable, either for its form,or any 
known property 3 but the under or wreathed part is notable for both: 
Asto its form, it appear'd, if it were look'd on fide-ways, almoſt like a 
Willow, or a ſmall tapering rod of Hazel, the lower or bigger half of 
which onely, is twiſted round ſeveral times,in ſome three, in others more, 
in others leſs, according to the bigneſs and maturity of the Grain on 
which it grew, and according to the drineſs and moiſture of the ambient 
Air, as I ſhall ſhew moreat large by and by. 

The whole outward Superficies of this Cylindrical body is curiouſly 
adorned or fluted with little channels, and interjacent ridges, or little 
protuberances between them, which run the whole length of the Beard, 
and are ſtreight where the Beard is not twiſted,and wreath'd where it is, 
juſt after the ſame manner : each of thoſe fides is beſet pretty thick with 
ſmall Briſles or Thorns, ſomewhat in form reſembling that of Porcupines 
Quills, ſuch as « #4 4 in the Figure ; all whole points are directed like 
ſo many Turn-pikes towards the ſmall end or top of the Beard, which is 

'the reaſon, why, if you endeavour to draw the Beard between your fin- 
gers the contrary way, you will find it to ſtick, and grate, as it were, 
againſt the ſkin. 

The proportion of theſe ſmall conical: bodies 44444 to that whereon 
they grow, the Figure will ſufficiently ſhew, as alſo their manner of grow- 
ing,their thickneſs, and neerneſs to each other, as, that towards the root 
or bottom of the Beard, they are more thin, and much ſhorter,inſomuch 
that there is uſually left between the top of the one, and the bottom of 
that next above it, more then the length of one of them, and that to- 
wards the top of the Beard they grow more thick and cloſe (though 
there be fewer ridges) ſo that the root, and almoſt half the upper are 
hid by the tops of thoſe next below them. 

] could not perceive any traxfoerſe pores, unleſs the whole wreath'd 
part were ſeparated and clett,in thoſe little channels,by the wreathing 1n- 
to ſo many little ſtrings as there were ridges, which was very difficult to 
determine 3 but there were in the wreathed part two very conſpicuous 
channels or clefts, which were continued from the bottom F to the el- 
bow E H, or all along the part which was wreath'd, which ſeem'd to di- 
vide the wreath'd Cylinder into two parts, a bigger and a leſs; the bigger 
was that which was at the conzex fide of the knee, namely, on the (ide A, 
and-was wreath'd by OQOOO; this, as it ſeem'd the broader, fo 
didit alſo the longer, the ather Þ Þ P PP, which was uſually purs'd or 
wrinckled in the bending of the knee,as about E, ſeem'd both the ſhorter 
and narrower, fo that at firſt I thought the wreathing and unwreathing 
of the Beard might have been caix'd by the ſhrinking or felling of that 

part 3.but upon farther examination, found that the clefts, KK, LL,were 
ſtuft up with a kind of Spongie ſubſtance, which, for the moſt part, was 


very 
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very conſpicuous necr the knee, as in the cleft KK, when the Beard waz 
dry ; upon the diſcovery of which, I began to think, that it was upon the 
 {welling of this porous pith upon the accets of moiſture or water that the 
Beard, being made longer inthe midſt, was ſtreightned,and by the ſhrinks 

ing Or ſub{iding of the parts of thar Spongie Cbitancs togerher, wherz 

the water or moiſture was exhal'd or dried, the pith or middle parts 

rowing ſhorter, the whole became twiſted. SEE, 

But this I cannot be poſitive in, for upon cutting the wreath'd part in 
many places tranſvertly, I was not fo well fatisfy'd with the thape and 
manner of the pores of the pith; for looking on theſe tranſverſe Sedtions 
with a very good Microſcope, I found that the ends of thoſe tranſ- 
verſe Sections appear d much of the manner of the third Figure of the 
15. Scheme ABCFE, and the middle orpith CC, feem'd very full of 

res indeed, but all of them ſeem'd to run the long-ways. | 

This Figure plainly enough ſhews in what manner thoſe clefts, K and L 
divided the wreath'd Cylinder into two uncqual parts, and alſo of what 
kind of ſubſtance the whole body conſiſts; for by cutting the ſame Beard 

in many places, with tranſverſe Sections, I found much the fame ap- 
pearance with this expreſs'd ; fo that thote potes ſeem torun, as in moſt 
other ſuch Cany bodies, the whole length of it. 

The clefts of this body K K, and LL, ſeem'd (as is alſo exprefs'd in 
the Figure) to wind very oddly in the inner part of the wreath; and 
in ſome parts of them, they feem'd ſtutfed, as it were,with that Spongie 
ſubſtance, which I juſt now deſcribed. - | 

This ſo oddly conftitured Vegetable ſubſtance, is firſt (that I have 
met with) taken notice of by Baptiſia Porta, in his Natural Magick, asa 
thing known to children and Juglers, and it has been call'd by ſome of 
ths laſt named petſons, the better to cover their cheat, the Legg of ari 
Arabiaz Spider, or the Legg of an inchanted Egyptian Fly, and has been 
uſed by them to make a {mall Index, Crofs, or the like, tomove round 
_ the wetting of it with a drop of Watet, and muttering certain 
words. 

But the ule that has been made of it, for the diſcovery of the various 
conſtitutions of the Air, as to drineſs and moiſtneſs, is incomparably 
beyond any other ; for this it does to admiration : The manner of con- 
triving it fo, as to perform this great effect, is onely thus ; 

Provide a good large Box of Ivory, about four Inches over, and of 
what depth you ſhall judge convenient (according to your intehtion 
of making uſe of one, two,three,or more of theſe ſmall Beards,ordered in 
the manner which I ſhall by and by deſcribe)let all the ſides of this Box be 
turned of Baſket-work (which here in Lowdo iseafily enough procurd) 
full of hotes,in the manner almoſt of a Lettice, the bigger, or more the 
holes are,the better,that ſo the Air may have the more tree paſhage tothe 
inctofed Beard,and may the more eaſily paſs through the Inſtrument 3 1t 
will be better yet,though not alcogether {o handſom, if inſteed of the Bal- 
ket-work on the fides of the Box,the bottom and top of the Box be join'd 


together onely with three or four froall Pillars, after the manner _— 
ente 
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ſented in the 4.Figure of the 15. Scheme. Or,if you intend to make uſe of 
many of theſe ſmall Beards join'd together, you may have a ſmall long 
Caſe of Ivory, whoſe ſides are turn'd of Baſket-work, full of holes, which 
may be ſcrew'd on to the underſide of a broad Plate of Ivory,on the other 
fide of which is to be made the divided Ring or Circle, to which diviſi- 
ons the pointing of the Hand or Index, which 1s moved by the conjoin'd 
Beard, may ſhew all the ſiznte variations of the Air. 

There may be multitudes of other ways for contriving this ſmall Inſtry- 
ment, ſo as to produce this effet, which any one may, according to his 
peculiar uſe, and the exigency of his preſent occaſion, eafily enough con- 
triveand take, on which I ſhall not therefore inſiſt. The whole manner of 
making any one of them is thus: Having your Box or frame AABB, fitly 
adapted for the free paſlage of the Air through it,in the midſt of the bot- 
tom BB B, you muſthave a very ſmall hole-C, into which the lower end of 
the Beard is to be fi'xd,the upper end of which Beard a b.isto paſs through 
a ſmall hole of a Plate, or top A A, if you make uſe onely of a ſingle one, 
and on the top of it e, is to be fix'd a ſmall and very light Zzdex fg, made 
of a very thin {liver of a Reed or Cane ; but if you-make uſe of two or 
more Beards, they muſt be fix*d and bound together, either with a very 
fine piece of Silk, or with a very ſmall touch of hard Wax, or Glew,which 
is better, and the Index fg, isto be fix'd on the top of the ſecond, third, 
or fourth in the ſame manner as on the ſingle one. 

Now. becauſe that in every of theſe contrivances, the 1ndex fe, will 
with ſome temperatures of Air, move two, three, or more times round, 
which without ſome other contrivance then this, will be difficult to diſtin- 
guiſh,thereforeI thought of this Expedient : The Index or Hand f'g, be- 
ing raisd a pretty way above the ſurface of the Plate AA, fix in ata 
little diſtance from the middle of ita ſmall Pin h, ſo as almoſt to touch 
the ſurface of the Plate AA, and then in any convenient place of the 
furface of the Plate,fix a ſmall Pin, on which put on a ſmall piece of Paper, 
or thin Paſt-board, Vellom, or Parchment, made of a convenient cize, 
and ſhapd in the manner of that in the Figure expreſs'd by 24, fo 
that. having a convenient number of teeth every turn or return of the 
Pin þ, may move this ſmall indented Circle, a tooth forward or back- 
wards, by which means the teeth of the Circle, being mark'd, it will be 
thereby very eafie to know certainly, how much variation any change 
of weather will make upon the ſmall wreath'd body. In the making of 
this Secundary Circle of Vellom, or the like, great care is to be had, that 
it be made exceeding light, and to move very eafily, for otherwiſe a ſmall 
variation will ſpoil the whole operation. The Box may be made of Braſs, 
Silver, Iron, or any other ſubſtance, if care be taken to make it open 
enough, to let the Air have a ſufficiently free acceſs to the Beard. The 
Index allo may be various ways contrived, fo as to ſhew both the number 
of the revolutions it makes, and the 24izxte diviſions of each revolution. 

I have made ſeveral trials and Inſtruments for diſcovering the drineſs 
and moiſture of the Air with this little wreath'd body,and find it to vary 
exceeding ſenſibly with the leaſt change in the conſtitution of the Air, as 

| | to 
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to drineſs and moiſture, ſo that with one breathing upon it; I have made 
it untwiſt a whole bout, and the Index or Hand has ſhew'd or pointed to 
yarious diviſions on the upper Face or Ring of the Inſtrument, accordin 
as it was carried neerer and 'neerer to the fire, or as'the heat of the Sun 
increaſed upon it. | | 

Other trialsT have made with Gut-ſtrings,but fitid them nothing ncer 
ſo ſenſible, though they alſo may be fo contriv'd as to exhibit the 
changes of the Air, as to drineſs and moiſture, both by their ſtretching 
and ({brinking in length, and alſo by their wreathing and unwreathing 
themſelves « but theſe are nothing neer ſo exaCt or fo tender;for their va- 
rying property will in a little time change very much. But there are ſe- 
yeral other Vegetable ſubſtances that are much more ſenſible then even 
this Beard of a wilde Oat; fuch I have found the Beard of the ſeed of 
Muſk-grafs, or Geranium moſchatum, and thoſe of other kinds of Cranes- 
bil ſeeds, and the like. But always the ſmaller the wreathing ſubſtance 
be, the more ſenſible is it of the mutations of the Air, a conjecture at 
the reaſon of which [I ſhall by and by add. | | 

The lower end of this wreath'd Cylinder being ſtuck upright ina little 
ſoft Wax, ſo that the bended part or 1rdex of it lay horizontal, Thave 
obſerv'd it always, with moiſture to unwreath it ſelf from the Eaſt (For 
inſtance)by the South to the Weſt,and ſo by the North to the Eaſt again, 
moving with the Sun (as we commonly ſay) and with heat and drouth 
tore-twiſt, and wreath it ſelf the contrary way, namely, from the Eaſt, 
(for inſtance) by the North'to the Weſt, and:ſo onwards. © 6 

The cauſe af all which Phenomena, ſeems to be the differing texture 
of the parts of theſe bodies, each ofthem (eſpecially the Beard of a wilde 
Oat, and of Mosk-grafs ſeed) ſeeming to have two kind of ſubſtances,one 
that is very porous. looſe,and ſpongie,into which the watry ſteams of the 
Air maybe very eaſily forced, which will be thereby ſwell'd and extend- 
edin its dimenſions, juſt as we may obſerve all kind of Vegetable ſub- 
ſtance upon ſteeping in water to ſwell and grow bigger and longer. And a 
ſecond that is more hard and cloſe,into which the water can very little,or 
not at all penetrate, this therefore retaining always very neer the fame 
dimenſions, and the other ſtretching and ſhrinking, according as there 
is more or leſs moiſture or water in its pores, by reaſon of the make and 
ſhape of the parts, the whole body muſt neceſlarily unwreath and 
wreath it ſelf. | | 

And upon this Principle, it is very eaſie to make ſeveral ſorts of con- 
trivances that ſhould thus wreath and unwreath -themſclves, either by 
heat and cold, or by drineſs 2nd moiſture, or by any greater or:leſs force, 
from whatever cauſe it proceed, whether from gravity or weight, or 
from wind which is motion of the Air, or from ſome ſpringing body, 
or the like. | 11 

This, had I time, I ſhould enlarge muck more upon; for rt ſeems tome 
to be the. very firſt footſtep of Sexſation, and Animate motion, the moſt 
plain.fimple,and obvious contrivance that Nature has made uſe-of to wk 
duce a motion, next to that of RarefaCtion and Condenſation by eo" 
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and cold. And were thisPrinciple very well examin'd, I atn-very apt to 
think, it would afford us a very great help to find out the Mechariſpy 
of the Muſcles, which indeed,as farr as I have hitherto been able to ex- 
amine, ſeems to me not ſo very perplex as one might imagine.efj clally 
upon the examination which I made of the Muſcles of Crabs,Lobſters.and 
ſeveral forts of large Shell-fiſh,and comparing my Obſervations on them, 
with the circumſtances I obſerv'd in the mulcles of terreſtrial Animals, 

Now, as in this Inſtance of the Beard of a wilde 0at, we ſee there is 
nothing elſe requiſite to make it wreath and unwreath it ſelf, and to 
ſtreighten and ; te" its knee, then onely a little breath of moiſt or d 
Air, or a ſmall «tome almoſt of water or liquor, and a little heat to make 
it again evaporate; for, by holding this Beard, plac'd and fix'd as[be- 
fore dire&ed, neer a Fire, and dipping the tip of a ſmall ſhred of Paper 
in well re&ify'd fpirit of Wine, and then touching the wreath'd Cylin- 
arical part,you may perceive it tountwilt it ſelf; and preſently again,up- 
on the avolation of the ſpirit, by the great heat, it will re-twiſt it ſelf, 
and thus will it move forward and backwards as oft as you repeat the 
touching it with the ſpirit of Wine 3 ſo may, perhaps, the ſhrioking and 
relaxing of the muſcles be by the influx and evaporation of ſome kind 
of liquor or juice. But of this Enquiry I ſhall add more elſewhere. 


mr Y & —_—_—— —— _ 
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Obſerv. KXVIII. Of the Seeds of Venus loking-glaſs, or Corn 
Viola. 


"Rom the Leaves, and Downs, and Beards of Plants,we come at laſt to 
the Seeds; and here indeed ſeems to be the Cabinet of Nature,where- 
are laid up its Jewels. The providence of Nature about Vegetables.,isin 
no part manifeſted more,then in the various contrivances about the ſeed, 
nor indeed is there in any part of the Vegetable fo curious carvings, and 
beautifull adornments, as about the ſeed ; this in the larger forts of ſeeds 
1s moſt evident to the eye; nor is it leſs manifeſt through the Acroſcope, 
in thoſe ſeeds whoſc ſhape and ſtructure, by reaſon of their ſmalnels, the 

eye ts hardly able to diſtinguiſh. | 
Of theſe there are multitudes, many of which I have obſerv'd through 
a Microſcope, and find, that they do, for the moſt part, every one afford 
excceding pleaſant and beautifull: objets. For befides thoſe that have 
various kinds of carv'd farfaces, there are other that have ſmoorh and 
poliſh'd ſurfaces, others a downy hairy furface; ſome are 
coverd onely witha ſkin, others with a kind of ſhell, others with both, 

as is obſervable alſo in greater ſeeds. | 06 
Of theſe ſeedsI have onely deſcribed four forts which may ſerve as a 
&pecimem of what the inquifmive obſervers are likely to find among the 
reſt; The firſt of theſe ſeeds which are deſcribed in the” 17. Scheme, are 
thoſe of Corn-Viokers, the ſeed'is' very ſmall; black, and ſhifing, and, to 
the naked eye, looks almoſt like a very ſmall Flea; ———— 
$* | Macrojcope 
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Mic roſcope, it appears a large body, cover'd witha tough thick and bright 
reflecting ſkin very irregularly ſhrunk and pitted, inſomuch that itis al- 
moſt an impoſſibility to find two of them wrinkled alike, ſo great a ya: 
riety may there be even in this little ſeed. 

This, though it appear one of the moſt promiſing ſeeds for beauty to 
the naked eye,yet _ the 4ficroſcope it appear'd but a rude miſhapen 
ſeed, whichl therefore drew, that I might thereby manifeſt how unable 
we are by the naked = to judge of beauteous or leſs curious zvicroſcop;- 
cal Objects 3 cutting ſome of them in ſunder, I obſerv'd them to be fill'd 
with a greenith yellow pulp, and to have a very thick huik, in propor- 
tion to the pulp. 


Obſerv. XXIX. Of the Seeds of Tyme. 


Heſe pony fruits here repreſented, in the 18. Scheme, are nothing 
elſe, but nine ſeveral feeds of Tyme they are all of them in differ- 
ing poſture,both as to the eye and the light; nor are they all of them ex- 
aCtly of the ſame ſhape, there being a great variety both in the bulk and 
figure of each ſeed ; but they all agreed in this,that being look'd on with 
a Microſcope, they each of them exactly reſenibled a Lemmon or Orange 
dryd; and this both in ſhape and colour. Some _—_ are a little 
rounder, of the ſhape of an Orange, as A and B, they have each of 
them a very conſpicuous part by which they were join'd to their little 
ſtalk, and one of them had alittle piece of ſtalk remaining on ; the oppo- 
fite ſide of the ſeed, you may perceive very plainly by the Figure,is very 
copped and prominent, as is very uſual in Lemmons, which pruminencies 
are expreſs d in D,E and F. 

They ſeem'd each of them a little creas'd or wrinckled, but E was 
very conſpicuoutly furrow'd, as if the inward make of this ſeed had been 
ſomewhat like that of a Lemmon alſo, but upon dividing ſeveral ſeeds 
with a very ſharp Pen-knife, and examining them afterward, I found 
_ their make to be in nothing but bulk differing from that of Peas,that is,to 
| haveapretty thick coat,and all the reſt an indifferent white pulp, which 
ſcem'd very cloſe ; ſo that it ſeems Nature does not very niuch alter her 
method in the inanner of incloſing and preſerving the vital Principle itt 
the ſeed, in theſe very ſmall grains, from that of Beans, Peas, &*c. 

The Grain affords a very pretty Object for the Microſcope, namely, a 
Diſh of Lemmons plac'd in a very little room 3 ſhould a Lemmonor Nut 
be proportionably magnify'd to what this ſeed of Tyme is,it would make 
it appear as bigg asa large Hay-reek.and it would be no great wonder to 
ſee Homers 1liads, and Homer and all, cramm'd into fuch a Nut-ſhell. We 
may perceive even in theſe ſmall Grains, as well as in greater, how cur 
ous and carefull Nature is in preſerving the ſeminal principle of _ 
table bodies, in what delicate, ſtrong and _ convenient I 

As 
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lays them and cloſes them in a pulp for their ſafer proteCtion from out- 
ward dangers, and for the ſupply of convenient alimental juice, when 
the heat of the Sun begins to animate and move theſe little a»tomatons 
or Engines; as ifſhe would, from the ornaments wherewith ſhe has deckt 
theſe Cabinets, hint to us, that in them ſhe has Jaid up her Jewels 
and Maſter-pieces. And this, if we are but diligent in obſerving, we 
ſhall find her method throughout. There is no curioſity in the Elemental 
kingdom, if I may fo call the bodies of Air, Water, Earth, that are com- 
parable in form to thoſe of Minerals; Air and Water having no form at 
all, unleſs a potentiality to be form'd into Globules; and the clods and 
parcels of Earth are all irregular, whereas in Minerals ſhe does begin to 
Geometrize, and praQtiſe, as twere, the firſt principles of Mechanicks, 
ſhaping them of plain regular figures, as triangles, ſquares, &c. and te- 
traedrons, cubes, &c. But none of their forms are comparable to the 
more compounded onesof Vegetables; For here ſhe goes a ſtep further, 
forming them both of more complicated ſhapes, and adding alſo multi- 
tudes of curious Mechanick contrivances in their ſtrufture;for whereas in 
Vegetables there was no determinate number of the leaves or branches, 
nor no exattly certain figure of leaves, or flowers,or ſeeds, in Animals all 
thoſe things are exactly defin'd and determin'd ; and where-ever there 
ks cither an exceſsor defect of thoſe determinate parts or limbs,there has 
been ſome impediment that has ſpoil'd the principle which was moſt re- 
ular : Here we ſhall find, not onely moſt curioufly compounded ſhapes, 
__ moſt ſtupendious Mechaniſms and contrivances, here the ornaments 
are in the higheſt perfe&tion, nothing in all the Vegetable kingdom that 
is comparable to the deckings of a Peacock ; nay,to the curioſity of any 
feather, as I elſewhere ſhew; nor to that of the ſmalleſt and moſt deſpt- 
cable Fly. But I muſt not ſtay on theſe ſpeculations, though perhaps it 
were very well worth while for one that had leifure,to ſee what Informa- 
tion may be learn'd of the nature,or uſe,or virtues of bodies,by their ſeve- 
ral forms and various excellencies and properties. Who knows but Adanr 
might from ſome ſuch contemplation, give names to all creatures? If at 
leaſt his names had any fignificancy in them of the creature's nature on 
which he impos dit; as many (upon what grounds I know not) have 
ſuppos'd : And who knows, but the Creator may,in thoſe charatters,have 
written and engraven many of his moſt myſterious deſigns and counſels, 
and given man a capacity, which, aſliſted with diligence and induſtry, 
may be able to read and underſtand them. But not to multiply my di- 
greſſion more then I can the time, I will proceed to the next, which is, 
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. Obſerv, XXX, Of the Seeds of Poppy. 


Ti ſmall ſeeds of Poppy, which are deſcribed in the 19. Scheme, both 
- © 'for-their {malnefs, multiplicity and prettineſs, as alſo for their ad- 
mirable .ſoporifick quality,” deſerye to be taken notice of among the 


other 


— 


; Ml wry 

REI 
| it in 
WI 


w_ | | 

i j * 1 il WW , | \ of" 
8 WALLY! Y WAIT \ 
ll hls 


"ail" 
6 qo by. 
wn. \l 


mw. 
Ts 
wear” 
"- 
-_ 
w 
_ 
- 
= 
— 
_— 
 —_ 


Lo, 


M.rc ROGRAPHIA 


other wicroſcopical ſeeds of Vegetables: For firſt, though they grow ina 
Cafe or Hive oftentimes bigger then one of thefe Pictures of the vicro- 
ſcopical appearapen yer axe they for the maſt part 1o. very little, that they 
exceed not the bulk of a ſmall Nitt, being-not above 2, part ofan Inch in 
Diameter, whereas the Diameter of the Hive of them oftentimes exceeds 
two Inches,fo that ir is capable of cantaining necr two hundred thouſand, 
and ſoin all likelthood does contain a vaſt quantity, though perhaps not 
thatnumber. Next, for their prettineſs, they may be compar'd to an 
wicroſtopical feed I have yet ſeen; for they are of a dark browniſh wc 
colour, curiouſly Honey-comb'd all over with a very pretty variety of 
Net-work, or a fmall kind of imboſment of very orderly rais'd g. 
the ſurface of them looking nor unlike the infide of'a Beev's ftomack. But 
that which makes it moft eonfiderable of all. is, the medicinal virtues of 
it, which are ſuch as are not afforded us by any Mineral preparation ; and 
that is for the procuring of {keep, a thing as neceſſary to the well-being 
of a creature as his meat, and that which refreſhes both the voluntary 
and rational faculties, which, whil'(t this affeCtion has ſeis'd the body,are 
for the moſt part unmov'd, and at reft. And, methinks, Nature does 
ſeem to hint ſome very notable virtue or excellency in this Plant from the 
curioſity it has/beftow'd upon it. Firſt, in its flower, it ts of the higheſt 
ſcarlet-Dye, which is indeed the prime and chiefeſt colour, and has beett 
in all Ages of the world moſt highly eſteem'd : Next, it has as much cu- 
riofity ſhew'd alſo in the huſk or eaſe of the feed, as any one Plant TT have 
yet met withall z and thirdly, the very feeds themſelves, the Microſcope 
diſcovers to be very curiouſly ſhap'd bodies; and laſtly, Nature hag 
taken fuch abundant care for the propagation of it, that one ſingle ſeed 
you into a Plant, is eapable of bringing ſome hundred thoufands of 
_ | 


It were very worthy ſome able man'venquiry whether the intention of 
Nature, as to the ſeeundary end of Animal and Vegetable ſubſtances 
might not be found out by fome ſuch charatters and notable impreffions 
as theſe, or from divers other circymſtances, as the figure, colour, place, 
time of flouriſhing, ſprin and fading, duration, taſte, ſmell, &c. For 
If ſuch there are (as an able Phyſiciar upon good grounds has given me 
cauſe to believe) we might then, inſteed of ſtudying Herbals (where 6 
little is deliver'd of the virtues of a Plant, and leſs of truth) have re- 
courſe to the Book of Nature it ſelf, and there find the moſt natural, 
uſefull, and. maſt cfle(ual and (pecifick Medicines, of whigh we hays, 
amongſt Vegetables, two very noble Inſtances to incourage fuch a hope, 
the one of the Jefnite powder for the cure of iuterwittivg Feaverr.and the 
ether of the juice of Poppy for the curing the defett of fleeping. 
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Obſerv.. XXXI. Of Purſlane-ſeed. 


F He Seeds of Pur//ane ſeem of very notable ſhapes, appearing through 
the Microſcope ſhap'd ſomewhat like a 2axtilus or Porcelane ſhell, as 
may be ſeen in-the XX. Scheme, it being a ſmall body. coyl'd round in 
the manner of a Spiral ; at the greater end whereof, which repreſents the 
mouth or orifice of the Shell, there is left a little white trantparent ſub- 
ſtance, like a ſkin, repreſented by BB BB, which ſeems to have been the 
place whereunto the ſtem was join'd. The whole ſurface of this Coclea 
or Shell, is cover'd over with abundance of little promirencies or buttons 
very orderly rang'd into Spiral rows, the ſhape of each of which ſeem'd 
much to reſemble a Wart upon a mans hand. The order, variety, and 
curioſity in the ſhape of this little ſeed, makes it a very pleaſant obje& 
for the Microſcope, one of them being cut aſunder with a very ſharp Pen- 
knife, diſcover'd this carved Caſket to be of a browniſh red, and ſome- 
what tranſparent ſubſtance, and manifeſted the inſide to be fill'd with a 
whitiſh green ſubſtance or pulp, the Bed wherein the ſeminal principle 
lies zzvelopd. . | 

There are multitudesof other ſeeds which in ſhape repreſent or imi- 
tate the forms of divers other ſorts of Shells: as the hed of Scuruy- 
graf,, very much reſembles the make of a Concha Yererea,a kind of Purce- 
lane Shell ; others repreſent ſeveral ſorts of larger fruits, ſweat Marje- 
rome and Pot-marjerome repreſent Olives. Carret ſeeds are like a cleft 
of a Coco-Nut Huſk ; others are like Artificial things, as Succory ſeeds 
are like a Quiver full of Arrows, the ſeeds of Amaranthns are of an ex- 
ceeding lovely ſhape, ſomewhat like an Eye: The ſkin of the black and 
ſhrivled ſeeds of Onyons and Leeks,are all over knobbed like a Seals ſkin. 
Sorrel hasa pretty black thining three-{quare ſeed, which is picked at both 
ends with three ridges, that are bent the whole length of it. It were al-. 
moſt endleſs to ——_ up the ſeveral ſhapes,they are ſo many and fo va- 
rious; Leaving them therefore to the curious ubſerver, I ſhall proceed to 
theObſervations on the parts of Animals. TR 


p—  — — . po —_— 


Obſerv.. 00 11. Of the Figure of ſeveral ſorts of Hair,” and of 


lewing ſome of the Hairs of my Head with a very good Afcroſcope, 
I took notice of theſe particulars: / 
I. That they were, for the moſt part, Cylizdrical, ſome of them were 
ſomewhat Priſmatical,but generally they were veryneer round, ſuch as are 
repreſented in the ſecond __ of the 5.8cheme,by the Cylinders EEE. 
nor could I find any that had ſharp angules. 
2, That 
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2. That that part which was next the top, was bigger then that which 
was neerer the root. 

3. That they were all along from end toend tranſparent, though not 
very cleer, the end next the root appearing like a black tranſparent piece 
of Horn, the end next the top more brown, ſomewhat like tranſparent 
Horn. 

That the root of the Hairs were pretty ſmooth, tapering inwards, 
almoſt like a Parſneb; nor could I end that it had any filaments, or any 
other veſſels, ſuch as the fibres of Plants. | | 

5. That the top when ſplit (which is common in long Hair) appear'd 
like the end of a ſtick, beaten till it be all flitter'd, there being not onely 
two fplinters, but ſometimes halt a ſcore and more. 2 
6. Thar they were all, as farr as | was able to find, ſolid Cylindrical 
bodies, not pervious, like a Cane or Bulruſh 3 nor could I find that they 
had any Pith, or diſtinCtion of Rind, or the like, ſuch as I had obſery'd in 
Horſe-hairs, the Briſtles of a Cat, the 1:dian Deer's Hair, ec. 


Obſervations on ſeveral other ſorts of Hair: 


For the Briſles of a Hogg, I found them to be firſt a hard tranſparent 
horny ſubſtance, without the leaſt appearance of pores or holes init; and 
this I try'd with the greateſt care I was able, cutting many of them with a 
_—_— Razor, ſo that they appear'd, even in the Glaſs, to have apret- 
ty ſmooth ſurface, but ſomewhat waved by the ſawing to and froof the 
Razor, as Is viſible in the end of the Priſmatical body A: of the ſame 
Figure 3 and then making trials with cauſing the lighr to be caſt on them 
all the various ways I could think of, that was likely to make the pores 
appear, if there had been any, I was not able to diſcover any. 

ext, the Figure of the Briſles was very various, neither perfe&ly 
round, nor ſharp edg'd, but Priſmatical, with divers fides, and round 
angles, as appears in the Figure A. The bending of them in any part 
where they before appear'd cleer, would all flaw them, and make then 
look white. | 

The Muſtacheos of a Cat (part of one of which is tepreſehted by the 
ſhort Cylzzder B of the ſame Figure) ſeem'd to have, all of them that I ob- 
ſerv'd.a large pith in the middle, like the pith of an Elder, whoſe texture 
was ſocloſe, that I was not able to diſcover the leaſt fign of pores; and 
thoſe parts which ſeem to be pores,as they appear'd in one poſirion tothe 
light, in another could find a manifeſt reflection to be caſt from them: 

ThisI inſtance in,to hint that it is not ſafe to conclude any thing tobe 
poſitively this or that, though it appear never ſo-plain and likely when: 
look'd on with a 44icroſcope in one poſture, before the ſame be examin'd 
by placing it in ſeveral other poſitions, - | | 

And this I take to be the reaſon why many have believed and aſſerted 
the Hairsof a man's head to be hollow, and like fo many ſmall pipes per- 
forated fromend toend, .: + | 

Now, though I grant that by: an 4alogie one' may ſuppoſe thetti " 
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and from the Poleniax diſcaſe one may believe them ſuch, yerl think we 
have not the leaſt encouragement to either from the 4/creſcope, much lefs 
poſitively to aſſert them ſuch. And perhaps the very eflence of the Plicz 
Polaxica may be the hairs growing hollow, and of an unnatural con- 
ſtitution. | . 

And as for the Analogie, thoughT am apt enough to think that the hairs 
of ſeveral Animals may be perforated ſomewhat like a Cane, or at leaſt 
have a kind of pith in them,firſt, becauſe they ſeem as 'twere a kind of Ve. 
getable growing on an Animal, which growing,they fay, remains a | 
while after the Animal is dead, and therefore ſhould like other Vege- 
tables havea pith 3 and ſecondly, becauſe Horns and Feathers, and Par- 
cupine's Quils, and Cats Britles, and the long hairs of Horſes, which come 
very neer the nature of a mans hair,ſeem all of them to have a kind of pith, 
== ſome of them to be porous, yetI think it not (in theſe caſes, where we 
have fuch helps for the ſenſe as the Aficroſcope affords) fafe concluding 
or building on more then we ſenfibly know, fince we may, with exami- 
ning, find that Nature does in the make of the ſame kind of ſubſtance, 
often vary her method in framing of it : Inſtances enough to confirm this 
we may find in the Horns of ſeveral creatures: as what a vaſt difference 
is there between the Horns of an Oxe, and thoſe of ſome ſorts of Staggs 
as to their ſhape ? ang even in the hairs of ſeveral creatures, we find a 
vaſt difference 3 as the hair of a man's head ſeems, as I ſaid before, long, 
Cylindrical and ſometime a little Priſmatical, ſolid or impervious, and 
very ſmall ; the hair of an 1*dzan Deer (a part of the middle of which is 
deſcribed in the third Figure of the fifth Scheme, marked with F) is big- 

r in.compaſs through all the middle of it,then the Briſle of an Hogg,but 
the end of it is ſmallex ther the hair of any kind of Animal (as may be 
ſeen by the Figure G) the whole belly of it, which is about ewo or three 
Inches long, looks to the eye like a thread of courſe Canvafs, that has 
been newly unwreath'd, it being all wav'd or bended toand fro, much 
after that manner, but through the 21icroſcope, it appears all perforated 
from fide to fide,and Spoogie, like a ſmall kind of ſpongy Coral, which is 
often found upon the Engliſh ſhores; but though I cut it tranſverſly, I 
eould pot perceive that it had any pores that ran the long-way of the 
bajr: the-long hairs of Hoxſes CC and D, ſeem Cylindriceland fomewhat 
pithy ; the Brifles of a Cat B, are conical and pithy : the Quik of Por- 
cypines and Hedgboges, being cut tranfverfly, have a whitiſh pith, inthe 
manner of 2 Starr,or Spur-rowel : Piggs-bair CA) is ſomewhat tr:agonal, 
and ſeems to haveneither pith por pore : And.ather kinds of hair have 
quite a: differing ſtructure and form. And therefore I think it! no way 
agreeable to 2. true: natuxal Hiſtorian, to pretend to be fo ſharp-fighted, 
as t0. ſee what 2 pre-conceiv'd Hypatbeſer tells them ſhould be there,where 
another man, though perhaps as ſeeing, but nat foreftall'd, can diſcover 
. Buttg procece 3 EL oblerv'd ſeveral kind of hairs that had been Dyed; 
and found them to be a kind of horny Cylinder, being of much about the 
tranſparency of” a pretty cleer piecc of Oxc horv z theſe yy > _ 

through- 
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throughout ting d with the colours they exhibited. And 'tis likely,that 
thoſe bairs being boy1'd or ſteep in thoſe very hot ting'd liquors in the 
pyc-fat, And the ſubſtance of the hair being much like that of -an Oxes 
Horn, the penetrant liquor does fo fir mollifieand ſoften the ſubſtance, 
that it ſinks 1nto the'very center of it, and ſo the ting d parts come to be 
mix'd and united with the very body of the hair,and do not (as ſome have 
thought) only ſtick on upon the outward ſurface. And this,the boiling of 
Horn will make more probable; tor we ſhall ind by that action, that the 
water will infinuate. it felt to a pretty depth within the ſurface of it; 
eſpecially ifthis penetrancy of the water be much helped by the Salts 
that are uſually mix'd with the Dying liquors. Now. whereas Silk may 
be dyed or ting d into all kind of coJours without. boiling or dipping in« 
to hot liquors, | gheſs the reaſon to be two-fold : Firſt, becauſe the fila- 
ments, or ſmall cylinders of Silk, are abundantly ſmaller and finer, and fo 
have a much leis depth to be penetrated then moſt kind of hairs ; and 
next, becaufe the ſubſtance or matter of Silk, is much more like a Glew 
then the ſubſtance of_ Hair is. And that I have reaſon to ſuppoſe : 
Firſt, becauſe when it 1s ſpun or drawn out of the Worm, it is a perfect 
glutinous ſubſtance, and very cafily ſticks and cleaves to any adjacent 
body, as I have ſeveral rimes obſerved, both in Silk-worms and Spiders. 
Next, becauſe that I find that water does ealily diflolve and mollitie the 
ſubſtance again, which is evident from their manner of ordering thoſe 
bottoms or pods of the Silk-worm before they are able to unwind them. It 
1sno great wonder therefore,it thoſeDyes or ting 'd liquors do very quick- 
ly mollife and tinge the ſurtaces of fo ſmall .and fo glutinous a body. 
And we need not wonder that the colours appear lo lovely in the one, 
and fo dull in the other, it we view but the ting'd cylinders of both 
kinds with a good Aferoſcope 3 for whereas the ſubſtance of Hair,at beſt,js 
but a dirty duſkifh white ſomewhat tranſparent; the filaments of Silk have 
a moſt lovely tranſparency and cleerneſs, the difference between thoſe 
two being not much lefs then that, betweena piece of Horn, and a piece 
of Cryſtal; the one yielding a bright and vivid reflettion from the con- 
cave ſide of the cylinder, that s, from the concave furface of the Air 
that incompaſtes the back-part of the cylinder; the other yielding a dull 
and perturb'd reflection from the ſeveral Heterogeneous parts that com- 
poſe it. And this difference will be manifeſt enough to the eye.if you get a 
couple of ſmall Cylinders. the ſmaller of Cryſtal Glats,the other of Horn, 
and then varniſhing them over very thinly with ſome tranſparent colour, 
Which will repreſent ta the naked eye much the farne kind of object which 
1srepreſented to it from the filaments of Silk ahd Hair by the help of the 
Microſcope. Now, fince the threads of Silk and $:rge are made up of a 
great number of theſe filaments, we may henceforth ceaſe to wonder at 
the difference. From much the ſame reaſon proceeds the vivid and love- 
ly colours of Feathers, wherein they very farr exceed the natural as well 
as Artificial colours of hair,of which I ſhall fay moren its proper place. 
The Teguments indeed of creaturesare all of them adapted tothe per 
culiar uſe and convenience of that Animal which they inwrap and wy 
| | mach 
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much alſo for the ornament and beauty of it, as will be moſt evident tg 
any one that ſhall attentively conſider the various kinds of cloathings 
wherewith moſt creatures are by Nature inveſted and cover'd. Thus ] 
have obſerved, that the hair or furr of thoſe Northern white Bears that 
inhabite the colder Regions, is execeding thick and warm : the like have 
I obſerv'd of the hair of a Greezland Deer, which being brought alive to 
Londor,l had the opportunity of viewing 3 its hair was ſo exceeding thick, 
Jong and ſoft, that I could hardly with my hand, graſp or take hold of 
his ſkin, and it ſeem'd ſo exceeding warm, as I had never met with any 
before. And as for the ornamentative uſe of them, it is moſt evident ina 
multitude of creatures,not onely for colour, as the _—_— Cats,Rhein 
Deer, &c. but for the ſhape, as in Horſes manes, Cats beards,and ſeveral 
other ofthe greater ſort of terreſtrial Animals, but is much more conſpi- 
cuous, in the Veſtments of Fiſhes, Birds, Inſects, of which I ſhall by and 
by give ſome Inſtances. | 

As for the ſkin, the Microſcope diſcovers as great a difference between 
the texture of thoſe ſeveral kinds of Animals, as it does between their 
hairs; but all that I have yet taken notice of, when tann'd or drefs'd, are 
of a Spongie nature, and ſeem to be conſtituted of an infinite company 
of ſmall long fibres or hairs, which look not unlike a heap of Tow or 
Okum ; every of which fibres ſeem to have been ſome part of a Muſcle, 
and probably, whil'ſt'the Animal was alive, might have its diſtin& fundti- 
on, and ſerve for the contraQion and relaxation of the ſkin, and for the 
ſtretching and ſhrinking of itthis or that way. 

And indeed, without ſuch a kind of texture as this, which is very like 
that of Spxnk, it would ſeem very ſtrange, how any body ſo ſtrong asthe 
ſkin ofan Animal uſually is, and fo cloſe as it ſeems, whilſt the Animal is 
living, ſhould be able to ſuffer fo great an extenſion any ways, without at 
all hurting or dilacerating any part of it. But,fince we are inform'd by the 
Microſcope, that it conſiſts of a great many ſmall filaments, which are im- 
_ , or intangled one within another, almoſt no otherwiſe then the 

airs in a lock of Wool, or the flakesin a heap of Tow, though not alto- 

ether ſo looſe ; but the filaments are here and there twiſted,as twere,or 
interwoven,and here and there they join and unite with one another,ſo as 
indeed the whole ſkin ſeems to be but one piece,we need not much won- 
der:And though theſe fibres appear not through aMficroſcope,exattly joint- 
ed and contex'd,as in Sponge ; yet,as I formerly hinted, Iam apt to think, 
that could we find ſome way of diſcovering the texture of it, whilſt it in- 
veſts the living Animal,or had ſome very eafie way of ſeparating the pulp 
or intercurrent juices, ſuch as in all probability fill thoſe Interſtztia, with- 
out dilacerating, brufing, or otherwiſe ſpoiling the texture of it T it 


ſeems to be very much by the ways of tanning and dreffing now us'd) we 
might diſcover a much more curious texture then I have hitherto been 
able to find ; perhaps,ſomewhat like that of Sponges. 

That of Chamoiſe Leather 1s indeed very much like that of Spark, fave 
onely that the flawerts ſeem nothing neer ſo even and round, nor alto- 


gether ſo ſmall, nor has it fo curious joints as Spw#k, has, ſome of which [ 
have 
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have lately diſcover'd like thoſe of a Sponge, and perhaps all theſe three 
bodies may be of the ſame kind of ſubſtance, though two of them indeed 
are commonly accounted Vegetable ( which, whether they be' {o or 
no, I ſhall not now diſpute) But this ſeems common to all three; thar 
they undergo a tanning or dreſſing, whereby the interſpers'd: juices are 
waſted and waſh'd away before the texture of them can be diſcover'd. 
What their way is of dreſling, or curing Sponges, I confels; ' I cannot 
learn; but the way of dreſling $pxk, is, by boiling it a good while in a 
ſtrong Lixivinm, and then beating it very well ; and the manner of dre(- 
fiog Leather is ſufficiently known. | 
It were indeed extremely deſirable, if ſuch a way could be found 
whereby the Parenchyma or fleſh of the Muſdles, and ſeveral-other 
partsof the bod,ytnight be waſh'd, or waſted ctean away,Wwithout vitia- 
ting the form of the fbrovs parts or vellc]ls of it, for hereby the texture 
of thoſe parts, by the help of a good Microſcope, might be moſt accu- 
rately found. | | 
But to digreſs no further, we may, from this diſcovery of the Micro- 
feope, plainly enough underſtand how the tkin, though it looks ſocloſe 
asit does, comes to givea pallage to ſo vaſt a quantity of excrementitious 
ſubſtances, as the diligent Sau@ori#s has excellently obſerved it todo, in 
his avedicina- fiatica ; for it ſeems very probable, from the texture after 
drefling,that there are an infinit of pores that every way pierce it,and that 
thoſe pores are onely fill'd with ſome kind of juice, or ſome very pulpy 
ſoft ſubſtance, and thereby the ſteams may almoſt as eaſily find a paſlage 
through ſuch a fluid: vehicle as the vaporous bubbles which are generated 
at the bottom of a Kettle of hot water do find a paſlage through that 
fluid edinmr into the ambient Air, ' * SHOES; 04 
Nor isthe ſkin of animals only thus pervious, but eventhoſe of vegetables 
alſo ſeem to be the ſame;for otherwiſe I cannot conceive why.it two ſprigs 
of Roſemary (for Inſtance) be taken as exaQly alike in all particulars as 
can be, and the one be ſet with the bottom in a Glaſs 'of water, and the 
other be ſet juſt without the Glaſs,but in the Air'onely, though you ſtop 
the lower end of that in the Air very carefully with Wax, yet ſhall it 
preſently almoſt wither, whereas the other that ſeems to have a ſupply 
from the fubjacent water by its ſmall pipes, 'or ##icroſcopical pores, pre- 
ſerves its greenneſs for many days, and ſometimes weeks. ors 
Now, this to me, ſeems not likely to proceed fromany other cauſethen 
the avolation of the juice through the ſkin; for by the-Wax,all thoſe other 
pores;of the ſtem are very firmly and cloſely ſtop'd up. And frotn the more 
or leſs porouſnefs of the ſkins or rinds of Vegetables may, perhaps, be 
ſomewhat of the reaſon given, why-they keeplonger green, or ſooner wi- 
ther; for we may obſerve by the bladdering and craking of the leaves of 
Bays,Holly, Laurel; &-c. that their ſkins are very cloſe, and do nor/ſutfer 
o free a yatbgs through themiof the included juices. tin) 
But of this, and of the Experiment of the Roſemary, I ſhaltelſewhere 
more fully confider,it ſeeming! to me an extremeJuciterous Experiment, 
luch as ſeems indeed.very plainly to _ the Schematiſne or —_ 
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of Vegetables altogether mechanical, and as neceſlary, that (water and 
warmth being apply'd to the bottom of the ſprig of a Plant) ſome of it 
ſhould be oma I upwards into the ſtem, and thence diſtributed into the 
leaves, as that the water of the Thames covering the bottom of the Mills 
at the Bridge foot of London, and by the ebbing aud flowing of it, paſ- 

ſtrongly by them, ſhould have ſome part of it convey'd to the 
Ceſterns above.and thence into ſeveral houſes and Ceſterns up and down 


the City. 


— 


Obſerv, XXXIII, Of theScales of a Soal, ond other Fiſhes, 


mals, I ſhall next add an Obſervation made on the ſkin and Scales 
of a Soal, a ſmall Fiſh, commonly enough known; and here in Fiſhes, as 
well as other Animals, Nature follows its uſual method, framing all parts 
ſo, as that they are both uſcfull and ornamental in all its compolures, 
mingling #tile and dxlce together; and both thefe defigns it ſeems to 
follow.though our unaſliſted ſenſes are not able to peceive them : This is 
not onely manifeſt in the covering of this Fiſh only, but in multitudes of 
others,which it would be too long to enumerate, witneſs particularly that 
ſmall Sand Shell, which TI mention'd in the X I. Obſervation, and infinite 
other ſmall Shells and Scales, divers of which I have view'd. This ſkin[ 
view'd, was flead from a prettylarge Sol, and then expanded and dry'd, 
the infide of it, when dry, to the naked eye, look d very like a piece of 
Canvaſs,but the Aeroſcope diſcover'd that texture to be nothingelſe,but 
the inner ends of thoſe curious Scolop'd Scales I, I, I, in the ſecond Figare 
of the X XI. Scheme, namely, the part of GG GG (of the larger repre- 
ſefitation of a fingle Scale, in the fixft Figure of the ſame Scheme) which 
on the back fide, through an ordinary fingle Magnifying Glaſs, look'd 
not unlike the Tyles on an houſe. Li | | 
The outhide of it, to the naked eye, exhibited nothing more of orna- 
ment, fave the uſual order of ranging' the Scales into a triagonel form, 
onely the edges ſeem'd a little to ſhine, the finger being rubb d from the 
tail-wards towards the head, the Scales ſeem d to ſtay and raze it; Þnt 
through: an ordinazy: Magnifying glaſs, it exhibited 'a moſt curiouſly 
carved and-adorned ſurface. ſuch as is viſible in the ſecond Figure, each 
of thoſe (formerly almoſt imperceptible). Scales appearing much of the 
ſhape: 11,1, that is, they 'were round,and. protuberant, and ſomewhat 
_— like a Scolop; the whole Scale being creas'd with curioufly wav'd - 
and indented ridges,with proportionable furrows berween;each of which 
was terminated with.aivery-ſharp tratſparent bony fubſtance, which, like 
fomanyi fall Turnpikes; ſeem} to arm be edpes, | | 
. "Fhe back part KKK was the ſkim mto which each of theſe Scales 
were very deeply £x'U,in the curiqus regular order, viſible ia the ſecond 
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Has hinted ſomewhat of the {kin and covering of terreſtrial Ani- 
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Figure, The length and ſhape of the part of the Scale which was buried: 
by the {kin,is evidenced by the firſt Figure; which is the repreſentation of 
one of them pluck'd out and view'd through/a good Microſeope; namely; 
the part LFG GFL, wherein is alſo more plamly to be ſgen,the manner 
of carving of the ſcclopt part of every particular Scale,how each ridge:ar 
barr EEE ' 1s alternately hollowed or engraven;: and how every giitter 
betwcen therh is terminated with very tranſparent and;hard pointed: 
ſpikes, and how every other of theſe, as A AAA, are muth Jonger:theh 
the interjacent ones, D DD. i 4,109; :{1o ba ods bas 
| The texture or form allo of the hidden part:appears,: namely; the: 
middle part, GGG, ſeems to confift of a great'nuinber of fmall-quills. 
or pipes, by which, perhaps, the whole may- be nouriſhed ;:and the fide 
rts FF confiſt of a more fibrous texture, thaugh indeed the whole 
Scale ſeem'd to be of a very tough grilly ſubſtance, like the!larger Scales 
of other Fiſhes. | 
The Scales of the ſkin of a Dog-fiſh (which is us'd by ſuch as work in 
Wood,tor the ſmoothing of their work,and conſiſts plainly enough to the 
naked eye.of a great number of ſmall horny points)through the 44icroſcope 
appear'd each of them curiouſly ridg'd, and very neatly carved ;-and in- 
deed, you can hardly look on the ſcales of any Fiſh, but you may diſcover 
abundance of curiofity and beautifying; and not only in theſe Fiſhes;but in 
the ſhells and cruſts or armour of molt ſorts of Xarine Animals fo inveſted; 
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Obferv. XXX1V. Of the Sting of a Bee. 


Zh Sting of a Bee, delineated in the ſecond Figure of the XVI. Scheme, 
ſeems to be a weapon of offence, and is'as great an Inſtance, that 
Nature did realy intend revenge as any, and that firſt, becauſe there 
ſeems to be no other uſe of it. Secondly, by reaſon of its admirable ſhape, 
ſeeming to be purpoſely ſhap'd for that very end. Thirdly,from the 'vi- 


rulency of the 1iquor it ejedts, and the ſad effects and ſymptoms that fol- 


low it. 

But whatever be the uſe of it,certain it is,that the ſtructure of it is very 
admirable ; what it appears to the naked eye, I need not deſcribe, the 
thing being known almoſt to every one, but it appears through the Micro- 
ſcope, to conſiſt of two parts, the one a ſheath, withoutsa chape or top, 
_ almoſt like the Holſter of a Piſtol, beginning at d, and ending 
at b, this ſheath I could moſt plainly perceive to be hollow, and to con- 
tain in it, both a Sword or Dart, and the poiſonous hqnor that cauſes the 
pain. The ſheath or caſe ſeem'd to have ſeveral joints or ſettings together, 
marked by fg hþ3k 1] mn0, it was arm'd moreoverneer the top, with ſe- 
veral crooks or forks ( p 4 a4 t) on one ſide, and (pq r ſt) on the other, 
each of which ſeem'd like ſo many Thorns growing on a briar, or rather 
like ſo many Cat's Claws; for the crooks themſelves fteem'd to be- little 


ſharp tranſparent points or claws, growing out of little protuberancies on 
£4 - the 
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the fide of the ſheath, which, by obſerving the Figure diligently, is eaſie 
enoughto be perceiv'd; and from ſeveral 6s I ſuppoſe the Ani- 
mal has a- power of diſplaying them, -and ſhutting them in again as it 
pleaſes, as a Cat does its claws, or as an Adder or Viper can its teeth 
or fangs. | 
The other part of the Sting was the Sword, as 1 may ſo call it, which 
is ſheath'd, as1t were,in it, the top of which ab appears quite through at 
the ſmaller end, juſt as if the chape of the ſheath of a Sword were loſt, 
and the end of it _ beyond the Scabbard ; the end of this Dart(a) 
was very ſharp, and it was arm'd likewiſe with the like Tenterhooks or 
claws with thoſe of the ſheath, ſuch as ( vxy, xy 2 2) theſe crooks, I am 
very apt to think, can be clos'd up alſo, or laid flat tothe fides of the 
Sword when it is drawn into the Scabbard,as I have ſeveral times obſery'd 
it to be, and can be ſpred again or extended when ever the Animal 
leaſes. - 
” The conſideration of which'very pretty ſtructure,has hinted to me,that 
certainly the uſe of theſe claws ſeems to be very conſiderable, as tothe 
main end of this Inſtrument, for the drawing in, and holding the ſting in 
the fleſh ; for the point being very ſharp, the top of the Sting or Dagger 
(ab) ts very eafily thruſt into an Animal's body,which being once entred, 
the Bee, by endeavouring to pull it into the ſheath, draws (by reaſon of 
the crooks (vxy) and ( xy2z) which lay hold of the ſkin on either 
ſide) the top of the ſheath (z ſr v) into the ſkin after it, and the crooks 
z,s, and r,v, being entred, when the Bee endeavours to thruſt out the 
top of the ſting out of the ſheath again, they lay hold of the ſkin on ei- 
ther ſide, and fo not onely keep the ſheath * fam ſliding back, but helps 
the top inwards, and thus, by an alternate and ſucceflive retracting and 
emitting of the Sting in and out of the ſheath, the little enraged creature 
by degrees makes his revengfull weapon pierce the tougheſt and thickeſt 
Hides of his enemies, in ſo much that ſome few of theſe ſtout and reſo- 
lute ſoldiers with theſe little engines, do often put to flight a huge maſty 
Bear, one of their deadly enemies, and thereby ſhew the world how 
. much more conſiderable in Warr a few ſkilfull Engineers and reſojute 
ſoldiers politickly order'd, that know how to manage ſuch engines, are, 
then a vaſt unweildy rude force, that confides in, and adts onely by, its 
ſtrength, But (to proceed) that he thus gets in his Sting into the ſkin, 
Iconjequre, becauſe, when I have obſerv'd this creature living, I have 
found it to move the Sting thus, to and fro, and thereby alſo, perhaps, 
does, as twere, pump or farce out the poiſonous liquor, and make it 
hang at the cnd of the ſheath about þ in a drop. The crooks, I ſuppoſe 
alſo to:be the cauſe why theſe angry creatures, haſtily removing them- 
ſelves from their revenge, do often leave theſe weapons behind them, 
ſheath'd, as twere, in the fleſh, and, by that means, cauſe the painfull 
{ymptomsto be greater,and more laſting, which are very probably causd, 
py by the _—_ and tearing of the ſkin by the Sting, but chicfly 
y the corroſive pe eros Iquor that isby this Syringe-pipe con- 
voy d among the ſenfitive parts thereof and thereby more catily ym 
an 
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and corrodes thole tender fibres : As I have ſheyed in the deſcription 
of a Nettle and of Cowhage. 


Obſerv. KXXV. Of the contexture and ſhape of the particles of 
Feathers. 


Xamining ſeveral forts of Feathers, I took notice of thele particulars 
in all ſorts of wing-Feathers, eſpecially in thoſe which ſery'd for the 
beating of the air in the action of flying. 
That the outward ſurface of the Quill and Stem was ofa very hard,ſtiff; 
and horny ſubſtance, which is obvious enough, and that the part aboye 
the Quill was fill'd with a very white and light pith, and, with the Adicro- 
cope, I tound this pith to be nothing elſe, but a kind of natural congeries 
of ſmall bubbles,the films of which ſeem to be of the ſame ſubſtance with 
that of the Quill, that 1s, of a ſtiff tranſparent horny ſubſtance. 

Which particular ſeems to me,very worthy a more ſerious conſideration 
F'or here we may obſerve Nature,as 'twere,put to its ſhifts, to make a ſub- 
ſtance,which ſhall be both light enough,and very {tift and ſtrong, without 
varying from its own eſtabliſh'd principles, which we may obſerve to be 
ſuch, that very ſtrong bodies are for the moſt part very heavie alſo, a 
ſtrength of the parts uſually requiring a denſity, and a denſity a gravity 3 
and therefore ſhould Nature have made a body ſo broad and fo {trong as 
a Feather, almoſt, any other way then what it has taken, the gravity of it 
muſt neceſlarily have _ times exceeded this; for this pith ſeems to be 
like ſo many ſtops or crols pieces in a long optical tube, which do very 
much contribute to the ſtrength of the whole, the pores of which were 

fuch, as that they ſeem'd not to have any communication with one ano- 
ther, as I have elſewhere hinted. 

But the Mechaniſm of Nature is uſually ſo excellent, that one and the 
ſame ſubſtance is adapted to ſerve for many ends. For the chief uſe of 
this, indeed, ſeems to be for the fupply of nounſhment to the downy or 
feathery part of the ſtem ; for 'tis obvious enough in all forts of Feathers, 
that 'tis plac'd juſt under the roots of the branches that grow out of ei- 
ther fide of the quill or ſtalk, and is exactly ſhap'd according to the rank- 
ing of thoſe branches, coming no lower into the quill, then juſt the be- 
ginning of the downy branches, and growing onely on the under fide of 
of the quill where thoſe branches do ſo. Now, in a ripe Feather (as one 
may call it) it ſeems difficult to conceive how the Szccxs miritins ſhould 
be convey'd to this pith; for it cannot, I think, be well imagin'd to paſs 
through the ſubſtance of the quill, ſince, having examin'd it with the 
greateſt diligence I was able, I could not find the leaſt appearance of 
pores; but he that ſhall well examine an unripe or pinn'd Feather, will 
plainly enough perceive the Veſſel for the conveyance of it to be the thin 
filmy pith (as tis call'd) which paſſes through the middle of the quill. 

Shiorke make and contexture of the Down it ſelf, it is indeed very 

rare 
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rare and admirable, and fuch asI can hardly believe,that thelike is to be 
diſcover'd in any other body in the world; for there 1s hardly a large 
Feather in the wing of a Bird,but contains neer a million of diſtin parts, 
and every one of them ſhap'd ina moſt regular & admirable form,adapt- 
edto a particular Deſign : For examining a middle ciz'd Gooſe-quill, I 
eaſily enough found with my naked eye,that the tnain ſtem of it contain'd 
about 300. longer and more Downy branchings upon one fide, and as 
many on the other of more ſtiff but ſomewhat ſhorter branchings. Many 
of theſe long and downy branchings, examining with an ordinary 45- 
croſcope, 1 found divers of them to contain neer 1200. ſmall leaves (as 
may call them, ſuch as EF of the firſt Figure of the 23. Scheme) and as 
many ſtalks ; onthe other fide, ſuch as I K of the ſame Figure, each of 
the leaves or branchings, E F, ſeem'd to be divided into about ſixteen or 
eighteen ſmall joints, as may be ſeen plainly enough in the Figure, out of 
moſt of which there ſeem to grow {mall long fibres, ſuch as are expreſs'd 
in the Figure, each of them very proportionably ſhap'd according to its 
poſition, or plac'd on the ſtalk E F ; thoſe on the under fide of it, name- 
ly, 1,2, 3,4, 526, 7, 8, 9, &*c. being much longer then thoſe directly op- 
polite to them on the upper 3 and divers of them, ſuch as 2,3,4,5,6,7,8,9, 
&-c. were terminated with ſmall crooks, much reſembling thoſe ſmall 


crooks,which are viſible enough to the naked eye, in the ſeed-buttons of 
Bur-docks. The ſtalks likewiſe I K on the other fide, ſeem'd divided into 


neer as many ſmall knotted joints,but without any appearance of ſtrings 
or crooks,cach of them about the middle K,ſeem'd divided into two parts 


by a kind of fork, one fide of which, namely, K L, was extended neer 
the length of KI, the other, M, was very ſhort. 

The tranſverſe SeCtions of the ſtems of theſe branchings, manifeſted 
the ſhape or figure of it to be much like IN O E, which conſiſted of a 
horny ſkin or covering, and a white ſeemingly frothy pith, much like the 
make of the mainſtem of a Feather. 

The uſe of this m_ kind of form.,is indeed mpre adnurable then all 
the reſt, and ſuch as deſerves to be much more ſerioufly examin'd and 
conſider'd, then T have hitherto found time or ability to do; for certain- 
ly, it may very much 1nſtrud usin the nature of the Air, eſpecially as to 

ome properties of it. 

The ſtems of the Downy branches IN OE, being rang'd in the order 
viſible enough to the naked eye, at the diſtance of I F, or ſomewhat 
more, the collateral ſtalks and leaves (if I may ſo call thoſe bodies I new- 
ly deſcribed) are fo rang'd, that the leaves or hairy ſtalks of the one fide 
lie at top, or are incumbent on the ſtalks of the other, and croſs each 
other, much after the manner expreſs'd in the ſecond Figure of the 
23. Scheme, by which means every of thoſe little hooked fibres of the 
leaved ſtalk get between the naked ſtalks, and the ſtalks being full of 
knots, and a prety way diſ-join'd, ſo as that the fibres can eaſily get be- 
tween them, the two parts are ſocloſely and admirably woven together, 
that it is able to impede.,for the greateſt paxt, the tranſcurſion of the Air ; 
and though they are ſo exceeding ſmall, as that the thickneſs of one of 
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theſe ſtalks amounts not to a 5co. part of an Inch, yet do they compoſe 
fo ſtrong a texture, a*, notwithſtanding the exceeding quick and violent 
beating of them againit the Air, by the ſtrength of the Birds wing, they 
firmly hold together. And it argues an admirable providence of Nature 
in the contrivance and fabrick of them; for their texture is fuch, that 
though by any external injury the parts of themare violently diſf:joyn'd; 
{o as that the leaves and ſtalks touch not one another, and confequently 
ſeveral of theſe rents would impede the Bird's flying ; yet, for the mo 
art, of themſelves they readily re-join and re-contex themfelves,and are 
eafily by the Birds ſtroking the Feather, or drawing it through its Bill, all 
of them ſettled and woven into their former —_ natural poſture; for 
there are ſuch aninfinite company of thoſe fmall fibres in the under fide 
of the leaves, and moſt of them have ſuch little crooks at their ends,that 
they readily catch and hold the ſtalks they touch. | 
From which ſtrange contexture,it ſeems rational to ſuppoſe that there 
is a certain kind of meth or hole ſo fmall, that the Air will not very eaſily 
pasrhrough it, as Thinted allo in the fixth Obfervation about ſmall Glaſs 
Canes, for otherwiſe it ſeems probable, that Nature would have drawn 
over ſome kind of thin filmi which ſhould have covered all thoſe almoſt 
uare meſhes or holes, there ſeeming through the 24icroſcope to be more 
then half of the ſurface of the Feather which is open and viſibly pervi- 
ous; which conjeGure will yet ſeem more probable from the texture of 
the bruſhie wings of the Tizea argerrtea, or white Feather wing'd moth, 
which I ſhall anone deſcribe. Bur Nature, that knows belt its own laws, 
and the ſeveral properties of bodies, knows alſo beſt how to adapt and fit 
them to her deſigned ends,and whoſo would know thoſe properties, muſt 
endeavour to trace Nature in its working, ' and: to ſee what courſe ſhe 
obſerves. And this I ſuppoſe will be no inconfiderable advantage which 
the Schematiſers and Struftures of Animate bodies will afford the dilj- 
ent enquirer, nartely, moſt ſure and excellent inſtructions, both as ro 
the pradical part of Mecharricks and tothe Theory and knowledge of the 


nature of the bodies and motions. 


—CO 


Obſerv. XXX VI. Of Peacoks, Ducks, and other Feathers of 
changeable colours. | 


"* He parts of the Feathers of this glorious Bird appear, through the 
+ Microſcope, no leſs gaudy then do the whote Feathers; for, as to the 
naked eye 'tis evident that the ſtem or quill of each Feather.in the tail 
ſends out multitudes of Laterel branches, fuch as A B in the third Figure 
of the 23. Scheme repreſents a ſma}l part of about 5; part of an Inch long 

and each of the /ateral branches emit multitudes of little ſprigs, threa 

or hairs on either ſide of them, fuchas CD, CD, CD, ſo each of thoſe 
threads in the Microſcope appearsa large long body,confiſting of a multy- 
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tude of bright reflefting parts, whoſe Figure 'tis no eafie matter to de- 
termine, as he that examines it ſhall find; tor every new poſition of it to 
the light makes it perfe&ly ſeem ofanother form and ſhape,and nothing 
what it appear'd a little before; nay, it appear'd very differing oft- 
times from fo ſeemingly inconfiderable a circumſtance, that the inter- 
poſing of ones hand between the light and it,makes a very great change, 
and the opening or ſhutting a Caſement and the like, very much diverſi- 
fies the appearance. And though, by examining the form of it very many 
ways, which would be tedious here to enumerate, I ſuppoſe I have dif 
cover'd the true Figure of it, yet oftentimes, upon looking on it in ano- 
ther poſture, I have almoſt thought my former obſervations deficient, 
though indeed, upon further examination, I have found even thoſe alſo 
to confirm them. | 
Theſe threads therefore I find to be a congeries of ſmall Lawire or 

plates, as ee e ee, &c. each of them ſhap'd much like this of 4 b c d, in 
the fourth Figzre, the part a c being a ridge, prominency, or ſtem, and 
b and d the corners of two ſmall thin Plates that grow unto the fmall 
ſtalk in the middle.fo that they make a kind of little Eaher each of theſe 
Plates lie one cloſe to another,almoſt like a company of ſloping ridge or 

utter Tyles; they grow on each {ide of the ſtalk oppoſite to one another, 

y two and two, from top to bottom, in the manner expreſfs'd in the 
fifth Figure, the tops of the lower covering the roots of the next above 
them; the under lide of each of theſe laminated bodies, is of a very dark 
and opacous ſubſtance, and ſuffers very few Rays to be trajetted, but re- 
flefts them all toward that fide from whence they come, ' much like the 
foil of a Looking-glaſs; but their upper ſides ſeem to me to conſiſt of 
a-multitude of thin plated bodies, which are exceeding thin. and lie ve- 
ry cloſe together, and thereby, like mother of Pearl ſhells, do not one- 
ly refleCt a very briſk light, but tinge that light in.a moſt curious man- 
ner; and by means of. various poſitions, in Ks co of the light, they re- 
= back now one colour, and\ then another, and thoſe moſt vi- 
vidly. Wl. 
x all that theſe colours are onely fantaſtical ones, that is, ſuch as ariſe 
wmediately from the refractions of the light, I found by this, that water 
wetting theſe colour'd parts,deſtroy'd their colours, which ſeem'd to pro- 
ceed fromthe alteration of the refleQion-and refraftion. Now, though 
I was not able to ſee thoſe hairs at all tranſparent by a.common light, yet 
by looking on them _ the Sun, I found then to be ting'd with a 
darkiſh red colour, nothing a-kin to the curious and lovely greensand 
blues they exhibited.” Ay [5:55h 

What the reaſon of colour ſeems torbe in ſuch thin plated bodies, I 
have elſewhere ſhewn. But how water caſt upon thoſe threads deſtroys 
theie colours, I ſuppoſe to. |be perform'd thus 3 The water falling upon 
theſe plated bodies: from its having a pn congruity to Feathersthen 
the Air,infinuates it ſelf between ho e Platee,and extrudes theſtrong 


refleCting Air, whence both tlieſe parts;grow moretranſparent,as the 24:- 
croſcope informs, and colourleſs alld, | at beſt retaining a very:faint and 
dull 
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dutlicolour, But this yet. being waſted away bythe contintal evapora- 


tions and {teams that paſs'through! them-from che Peacock, whil@:qhat 
Bird is yet alive; the:colours:again.appear in their former tnſter, the Iv 
terſtitia of theſe Plates being: fla withthe Strongly reflefting Aur.: 139 
The beauteous and vivid colours of the Feathers: of this: Bud:being 
found to. proceed from the. curious and: exceeding dmalnefs: and fine 
of the reficCting parts,we have hereithe: reaſon given 14s: af all:thoſepaut 
deries in the apparel of other Birds alſo,: arid-tiow they. come to exceed 
the colours of all other kinds of, Animals, beſxlesJoſcttss for fince(aswe 
here,and elſewhere alio ſhew)) the-vividnels of aicolour, Hlepends; upon 
the fineneſs and traniparency of the reflecting -and _refraTing parts} and 
fince our 4ficroſegpe diſcovers to us, that the companent patts of feathers 
are ſuch, and that the hairs of Animals are otherwiſe; and fince we'find 
alſo by the Experiment of that Noble and moiſt. Excellent Perſoniforimets 
ly named ; that the difjerence: between Silk and Flax; as to its colour, is 
nothing elſe (for Flax reduc'd.to a very great finenels 'of parts, both 
white and colour d, appears as. white and as vivid as any Silk, but loſes 
that brightneſs and itsSilken aſpect as ſoon as:it istwiſted into thread, by 
reaſon that the component parts, though very ſmall and fine, are yet ph- 
able Bakes, and not. cylinders, and thence, by. twiſting, become united in- 
to one opacous body, whereas: the' threads of Silk and Feathers retain 
their luſtre, by _—_— their cylindrical form- intire without mix- 
ing; ſo that each reflected and retracted beam that compoſes the gloſs 
of Silk, preſerves its own property of modulating the light intire); And 
fince we find the fame confirm'd by many other Experiments elſewhere 
mentioned, I think we may ſafely conclude this for an Axiome, that 
whereſoever we meet with tranſparent bodies;:ſpun out into: veryfine 
parts, either cleer, or. any ways ting d, the colours refulting from ſach a 
compoſition mult neceſlarily be very glorious, vivid, and cleer; like thoſe 
of Silk and Feathers. This may perhaps hint fome uſefull wayiof making 
other bodies, beſides Silk, beſuſceptible of bright tinctures, but of this 
onely by the by, 1.7 T2111 0 11 10071 
The changeable colour'd Feathers alſo of Ducks, and ſeveral other 
Birds, Thave found by examination with my £ergſcope, to proceed from 
much the ſame cauſes and textures. drto he's meats 
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| Obſerv. XXXVII. Of the Feet of Flies, and 
lets. gt ow | 


i foot of a Fly (delineated in the firſt Figvre of the 53;\Schem, 
| which repreſents three joints;the two Tallons, and therws Piittens 
in a flat poſture ; and in the ſecond Figure of the faine Scheme; Whith re 
preſents onely one joint, the Tallotis and Pattetis fy another'poſtate) ts 
of a moſt admirable and curious contrivance; for by this the FHeg Are tn- 
abled to walk againſt the ſides of Glaſs, perpendicularly-ipWards; and to 
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containthemſelves in that poſture as longas they/pleaſe;nay,to walk and 
faſpend themſelves againſtthe under ſurface-of many bbdied as the ceiling 
of aroom, or the like;/:and this with-as great a ſeeming facility and firm- 
neſs,: as if they were a kind of Antipodes, :and hada tendency upwards, as 
weare ſure they have the:contrary, 'which they alſo evidently diſcover, 
inthat they cannot make themſelves ſo light, as to ſtick or-ſuſpend them- 
ſelves 'on the under ſurface of a-Glaſs well poliſh'd and cleans'd ; their 
ſuſpenſion therefore is wholly to be aſcrib'd to ſome Mechanical contri- 
vance in their feet z which, what it is, we ſhall in brief explain, by ſhew- 
ing, that its Mechaniſm conſiſts WP in two parts, that is, firſt its 
two Claws, or Tallons, and ſecondly, two Palms, Pattens, or Soles. 

The two Tallons are very large, in proportion tothe foot, and hand- 
ſomly ſhap'd in the manner deſcrib'd in the Figares, by AB, and AC, 
the bigger part of them from A to 4d, is all hairy, or briſled, bur to- 
ward the top, at Cand B ſmooth, the tops or points, which ſeem very 
ſharp turning downwards and inwards, are cach ofthem mov'd on a joint 
at A, by which the Fly is able :to open or ſhut them at pleaſure, fo that 
the points B and C being entered in any pores, and the Fly endeavouring 
to ſhut them,the Claws not onely draw one againſt another.and fo faſten 
each other, but they draw the whole foot, GG A DD forward, fothat 
on a ſoft footing, the tentersor points G G GG, (whereof a Fly has about 

. tenineach foot, to wit,two in every joint)run into the pores,if they find 
any, or at leaſt make their way; and this is ſenſible to the naked eye, in 
the feet of a Chafer, which, if he be ſuffer'd to creep over the hand, or 
any other part of the {kin of ones body, does make his ſteps as ſenſible to 
the touch as the fight. 

But this contrivance;as it often fails the Chafer, when he walks on hard 
and cloſe-bodies, ſo would it alſo our Fly, though he be a much leſſer, 
and nimbler creature, and therefore Nature has furniſh'd his foot with 
another additament much more curious and admirable, and that is, with 
2 couple of Palms, Pattens or Soles D D, the ſtructure of which is this : 

From the bottom or under part of the laſt joint of his foot, K, ariſe 
twoſmall thin plated horny ſubſtances, each conſiſting of two flat pieces, 
D D., which ſeem to be fiexible,like the covers of a Book, about F F, by 
which means,the plains of the two ſides E E,ldo not always lie in the ſame 
plain, but may be ſometimes ſhut cloſer, and fo each of them may take a 
little hold themſelves on a body; but that isnot all.for the under fides of 
theſe Soles are all beſet with ſmall briſles, or tenters, like the Wire teeth 
of a Card uſed for working Wool, the points of all which tend for- 
wards, hence the two Tallons drawing the feet forwards, asI before 
hinted, and theſe being applied tothe nd of the body with all the 
points Jpokip the contrary way, that is, forwards and outwards, if there 

any irregularity or yielding in the ſurface of the body, the Fly ſu- 

nds/1t ſelf very firmly and eaſily,without the acceſs or need of any ſuch 
Spongesfill:d with an imaginary glutex, as many have, for want of good 
Glaſles, perhaps, or a troubleſome and diligent examination, ſuppos'd. 

Now; thatthe Fly is able to walk on Glaſs, proceeds partly from ſome 


ruggednels 
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raggedneſsof the ſurface; and chiefly from a kind of tarniſh, of dirty 
ſmoaky ſubſtance, which adheres tothe ſurface of that very hard body; 
andFthough the pointed parts cannot penetrate the ſubſtance of Glab, yet 
may they find pores enough in the tarniſh, or at leaſt make them. 

_ This StruQure I ſomewhat the more diligently ſurvey'd, becauſe I 


could not w{Ecomprehend, how, it there were ſuch a glutinous matter 
in thoſe ſuppoſed Sponges, as moſt (that have ,obſerv'd'that Objett in a 
Microſcope) have hitherto believ'd, how, I ſay, the Fly could fo readily un- 
olew and looſen its feet : and, becauſe I have not found any other crea- 
ture to havea contrivance any ways like itz and chiefly, that we might 
not be caſt upon unintelligible explications of the Phenomene of Nature, 
at leaſt 'others then the true ones, where our ſenfes were able to furniſh 
us with an intelligible, rational] and true one. 

Somewhat a like contrivance to this of Flies ſhall we find in moſt other 
Animals, ſuch as all kinds of Flies and caſe-wing'd creatures; nay, in a 
Flea, an Animal abundantly ſmaller then this Fly. Other creatures, as 
Mites, the Land-Crab, ec. have onely one- ſmall very ſharp Tallon 
at the end of each of their legs, whichall drawing towards the center or 
middle of their body, inable theſe exceeding light bodies to ſuſpend and 
faſten themſelves to almoſt any furface. 

Which how they are able to do, will not feem ſtrange, if we conſider, 
firſt, how little body there is in one of theſe creatures compar'd to their 
ſuperficies, or outfide,their thickneſs, perhaps, oftentimes,not amounting 
to the hundredth part of an Inch: Next, the ſtrength and agility of the 
creatures compar d to their bulk, being, proportionable to their bulk, 
perhaps, an hundred times ſtronger then an Horſe or Man. And — 
if we conſider that Nature does always appropriate the inſtruments, ſo 
as they are the moſt fit and convenient to perform their offices, and the 
moſt fimple and plain that poflibly can be ; this we may ſee further veri- 
fy'd alſoin the foot of a Louſe which is very much differing from thoſe I 
have been deſcribing, but more convenient and neceflary for the place 
of its habitation, each of his leggs being footed with a couple of ſmall 
claws which he can open or ſhut at pleaſure, ſhap'd almoſt like the claws 
of a Lobſter or Crab,but with appropriated contrivances for his peculiar 
uſe, which being to move its bats toand fro upon the hairs of the crea- 
ture it inhabits, Nature has furniſh'd one of its claws with joints, almoſt 
like the joints of a man's fingers, ſo as thereby ir is able to encompaſs or 
graſp a hair as firmly as a man can a ſtick or rope: 

Nor, is there a leſs admirable and wonderfull Mechaniſn: in the foot 
of a Spider, whereby he is able to ſpin; weave, and climb, or run on his 
curious'tranſparent clew, of which I ſhall ſay more in the deſcription of 
that Animal. 

And to con&lude, we ſhall in all things find, that Nature does not 
onely work Mechanically, but by ſuch excellent and moſt compendi- 
ous, as well as ſtupendious contrivances, that it were impoſlible for all 
the reaſon in the world to find out any contrivance to do the ſame thing 


that ſhould have more convenient properties. And can any be fo ſottiſh, 
Aa 2 as 
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as to think all thoſe. things the productions of chance? Certainly, ei- 
ther their Ratiocination muſt be extremely depraved,or they dig never 
attentively confider and contemplate the Works ;of. the Al-mighty. 


Obſerv. XXXVIIL, Of the Struflure and motions of the Wings 
of Flies. Rea 
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THe Wings of all kinds of Inſe&s, are, for the moſt part, very 
+ beantifull Objects, and afford no leſs pleaſing an Object tothe mind 
to ſpeculate upon,then to the eye to behold. This of the blue'Fly,among 
the reſt, wants not-its peculiar ornaments and contrivances '; it grows 
ont of the Thorax, or. middle part of the body of a Fly, and is ſeated a 
little beyond the center of gravity in the body towards the head, but 
that Excentricly is curiouſly balanc'd 3 firſt, by the expanded Area ofthe 
wings which lies all, more backwards then the root, by the motion of 
them,whereby the center of their. vibration is much more backwards to- 
wards the tail of the Fly then the root of the wing is. What the vibra- 
tive motion of the wings is, and-after what manner they are moved, I 
have endeavoured by many trials to find out : And for the firſt manner 
of their motion, Iendeavoured to obſerve ſeveral of thoſe kind of ſmall 
ſpinning Flies, which will naturally ſuſpend themſelves, as 1t were, poisd 
and ſteady.in one place of the air, without riſing or falling, or moving 
forwards or backwards; for by looking down on thoſe, I could by a kind 
of faint ſhadow, perceive the utmoſt extremes of the vibrative moti- 
on of their wings, which ſhadow, whil'ſt they ſo endeavoured tofuſpend 
themſelves, was not very long, but when they endeavour'd to flie for- 
wards,it was ſomewhat longer ; next,[ tried, it,by fixing the leggs of a Fly 
upon the top ofthe ſtalk of a feather, with Glew, Wax, &c. and then 
making 1t endeavour to. flie away ; for being thereby able to view it in 
any poſture, I collefed that the motion of the wing was after this man- 
ner. The extreme limits of the vibrations were uſually ſomewhat about 
the length of the body diſtant from one another, oftentimes ſhorter,and 
ſometimes alſo longer ; that the formoſt limit was uſually a little above 
the back,and the hinder ſomwhat beneath the belly ;5between which two 
limits, 1f one may gheſs by the ſound, the wing ſeem'd to be mov'd for- 
wards and backwards with an equal velocity : And if one may (from the 
ſhadow or faint repreſentation the wings fs , and from the'conſide- 
ration of the nature of the thing.) gheſs at the poſture or; manner 
of the wings moving betweeen them, it ſeem'd to be this :  The/wing 
being ſuppos'd placed in the upmoſt limit, feems to'be put ſo that the 
plain of 1t lies almoſt horizontal, but onely the forepart does dip a little, 
or is ſomewhat more depreſt; in this poſition is the wing -vibrated 
or mov to the lower limit, being almoſt arrived at the lower li- 
mit, the hinder part of the wing moving ſomewhat faſter then the 

former, 


- 
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former, the Area of the wing begins to dip behind, and in that poſture 
ſeems it to be moy'd to the upper limit back again, and thence back 
againin the firſt poſture,the former part of the 4rea dipping again.as it is: 
moved downwards by means of the quicker motion of the main ſtem 
which terminates or edges the forepart of the wing. And thele vibrati- 
ons or motionsto and fro between. the two limits ſeem ſo ſwift, that 'ris 
very probable (trom the ſound it affords, if it be compar'd with the vi- 
bration of a muſical ſtring, tun'd uniſon to it) it makes many hundreds, 
if not ſome thouſands of vibrations in a ſecond minute of time; And. if 


we _y be allow'd to gheſs by the ſound, the wing of a Bee is yet more: 


ſwift, tor the tone 1s much more acute, and that, inall likelihood.*pro- 
ceeds from the exceeding ſwift beating of the air by the ſmall wing. 
And it ſeems the more likely too, becauſe the wing of a Bee is leſs m pro + 
portion to its body,then the other wing to the body: of a Fly; fo that for 
ought I. know, it may be one of the quickeſt vibrating ſpoxtareons moti- 
ons of any in the world ; and though perhaps there may be many: Flies in 
other places that atiord a yet more ſhrill noiſe with their wings, yet 'tis 
moſt probable that the quickeſt vibrating ſpoxtareous motion is to be 
found inthe wing.of ſome creature, Now, if we conſider the exceeding 
quickneſs of theſe Animal ſpirits that muſt cauſe theſe motions, we cannot 
chuſe but admire the exceeding vividneſs of the governing faculty or 
Anima of the Inſet, which is able todiſpole and regulate fo the the mo- 
tive faculties, as to cauſe every peculiar organ, not onely to move or aCt 
ſo quick, but to do it alſo ſo regularly. 

Whil'ſt I was examining and conſidering the curious Mechaniſe: of the 
wings, I obſerv'd that under the wings of moſt kind of Flies, Bees, &c. 
there were plac'd certain perdulums or extended drops (asI may fo call 
them from their reſembling motion and figure) for they much relembled 
a long hanging drop of ſome tranſparent viſcous liquor ; and I obferved 
them conſtantly to.moye juſt before the wings of the Fly began to move, 
ſo that at the firſt ſight I could not but.gheſs, that there was ſome excel- 
lent uſe, as to the regulation of the motion of the wing, and did phancy, 
that it might be ſomething like the handle of a Cock, which by vibra- 
ting toand fro,might.as 'twere.open and ſhut the Cock,and thereby give 
a paſſage to the determinate influences into the Muſcles ; afterwards,up- 
on ſome other trials,I ſuppos'd that they might be for ſome uſe in reſpira- 
tion, which for many reaſons I ſuppoſe thofe Animals to uſe, and, me 
thought, it was not very improbable, but that they might have conve- 
nient paſſages under the wings for the emitting, at leaſt,of the air;1f not 
admitting, as inthe gills of Fiſhes is molt evident; or, perhaps, this Pex- 
dulum might be ſomewhat like the ſtaff to a Pump, whereby theſe crea- 
Mag it exerciſe their Analogus lungs, and not only draw 1n, but force 
out,the air they live by : but theſe were but conjeCtures,and upon further 
examination ſeem'd leſs probable. SLIME 

The fabrick of the wing,as it appears through a moderately magnify- 
ing 4zcroſcope,ſeems to be a body conliſting of two parts,as 1s vilible In the 
4-Fignre of the 23.Scheme;and by the 2.Figure of the 26.Scheme; the __ - 

a quilly 
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yo 
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a quilly or finny ſubſtance,conſiſting of ſeveral long.ſlender and variouſ] 

benled, quills or wires, ſomething reſembling the veins of leaves; theſe 
are, as 'twere,the finns or quills which ſtiffen the whole Ares, and keep 
the other part diſtended, which is a very thin tranſparent ſkin-or mem. 
brane variouſly folded, and platted, but not very regularly, and is be- 
ſides exceeding thickly beſtuck with innumerable ſmall brifles, which 
are onely. perceptible by the bigger magnifying Microſcope, and not 
with that neither, but with a very convement augmentation of ſky- 
light projefted on the Object with a — Glaſs, as Ihave elſewhere 
ſhew'd, or by looking through it againſt the light. 

In ſteed of theſe ſmall hairs, in Everal other Flies, there are infinite of 
ſmall Feathers, which cover both the under and upper ſides of this thin 
film as in almoſt all the forts of Butterflies and Moths: and thoſe fma]ll parts 
are not onely ſhap'd very much like the feathers of Birds, bur like thoſe 
variegated with all the variety of curious bright and vivid colours ima- 
ginable; and thoſe feathers are likewiſe ſo admirably and delicately 
rang'd,as to compoſe very fine flouriſhings and ornamental paintings,like 
Twrkie and Perſian Carpets,but of far more —— , asS1s evident 
enough to the naked eye, in the painted wings of Butterflies, but much 
more through an ordinary —— 

Intermingled likewiſe with theſe hairs, may be perceived multitudes 
of little pits, or black ſpots, in the exended membrane, which ſeem to be 
the root of the hairs that grow on the other ſide ; theſe two bodies ſeem 
diſpers'd over the whole ſurface of the wing. 

The hairs are beſt perceiv'd, by looking through it againſt the light, 
or, by laying the wing upon a very white piece of Paper, in a conve- 
nient light, for thereby every little hair moſt manifeſtly appears; a 
Speciment of which you may obſerve drawn in the fourth Figzre of 
the 23. Scheme, A'B, CD, EF whereof repreſent ſome parts of the 
bones or quills of the wing, each of which you may perceive to be 
cover d} over with a multitude. of ſcales, or brifles, the former A B, 
1s the biggeſt ſtem of all the wing, and may be properly enough call'd 
the cut-air, it being that which terminates and ſtiffens the formoſt edge 
of the wing 3 the fore-edge of this is arm'd with a multitude of little 
briſles, or Tenter-hooks, in ſome ſtanding regular and in order, in 
others not ; all the points of which are direted from the bedy to- 
wards the tip of the wings, nor is this edge enely thus fring'd , but 
even all the whole edge of the _ is cover'd with a ſmall fringe, 

rifles. | 
This Subje&, had I time, would afford excellent matter for the con- 


templation of the nature of wings and of flying ; but, mes} 


haps, get a more convenient time to proſecute that ſpeculation, an 
recolleCt ſeveral Obſervations that I have made of that particular. I ſhall 
at preſent proceed to 


Obſery. 
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Obſerv. XXX1IX. Of the Eyes and Head of a Grey drone-Fly, 
and of ſeveral other creatures, 


took a m_ grey Drone-Fly, that had a large head, but a ſmall and 

ſlender body in proportion to it,and cutting off its head, I fix'd it with 
the forepart or face upwards upon my Object Plate (this I made choice 
ofrather then the head ofa great blue Fly,becauſe my enquiry being now 
about the eyes,] found this F'ly ro have, firſt the biggeſt cluſters of eyes 
in proportion to his head, of any ſma]l kind of Fly that I have yet ſeen, it 
being ſomewhat inclining towards the make of the large Dragon-Flies. 
Next, becauſe there 1s a preater variety in the knobs or balls of each 
cluſter,then is of any ſmall Fly) Then examining it according to my uſtial 
manner, by varying the degreesof light, and altering its poſition to each 
kinde of light, I drew thar repreſentation of it which is delineated in 
the 24. Scheme, and found theſe things to be as plain and evident, as 
notable and pleaſant. 

Firſt, that the omen part of the face,nay,of the head, was nothing elſe 
but two Jarge and protuberurt bunches,or prominentparts, ABCDE A,the 
ſurface of each of which was all cover'd over, or ſhap'd into a multitude 
of ſmall Hemiſpheres,plac'd in a triagonal order,that being the cloſeſt and 
moſt compacted, and in that order, rang'd over the whole ſurface of the 
eyein very lovely rows between each of which, as is neceſlary, were left 
long and regular trenches, the bottoms of every. of which, were perfectly 
intire and not at all perforated or dri}l'd through, which I moſt certain! 
was aſlured of, by the regularly retle&ted Image of certain Objects which 
I mov'd to and fro between the head and the light. And by examining 
the Cornea or outward ſkin, after I had ſtript it off from the ſeveral ſub- 
ſtances that lay within it,and by looking beth upon the inſtde and againſt 
the light. 577 7 

Next, that of thoſe multitudes of Hemiſphere, there were obſervable 
two degrees of bigneſs, the half of them that were lowermoſt,and look'd 
toward the ground or their own leggs, namely, CDE, CDE being a 
pretty deal {ſmaller then the other, namely, AB CE, AB CE, that: look'q 
upward, and fide-ways,or foreright,and backward, which variety I have 
not found in any other ſmall Fly. (1916: 

Thirdly, that every one of theſe Hemiſpheres,as they ſeem'd to. be pret- 
b, neer the true ſhape of a Hemiſphere, ſo was the ſurface exceeding 
mooth and regular, refleting as exact, regular, and perfect an Image of 
any Objett from the ſurface of them, as a ſmall Ball of Quick-filver of 
that bigneſs would do, but nothing neer ſo vivid, the reflection from theſe 
being very languid, much like the refleftion from the outlide-of Water, 
Glaſs, Cryſtal, ec. In ſo much that in each of theſe Hemiſpheres, I:have 


been able to diſcover a Land-ſcape of thoſe things which.lay befoge my? 
window, 
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window, one thing of which was a large Tree, whoſe trunk and top 1 
could plainly diſcover, as I could allo the parts of my window, and my 
hand and fingers, if I held it between the Window and the Objett; a 
ſmall hah 3g of nincteen of which, as they appear'd inthe bigger Mag- 
mifying-glaſs to reflect the Image of the two windows of my Chamber, 
are delineated in the third Figure of the 23. Scheme. Ike 

Fourthly, that theſe rows were ſo diſpos'd, that there was no quarter 
viſible from his head that there was not ſome of thele Hemiſpheres dire&ted 
againſt ; ſo that a Fly may be _ faid to have az eye every way, and to 
be really circumſpe#. And it was further obſervable, that that way where 
the trunk of his body did hinder his proſpe& backward, theſe protube- 
rances were elevated, as it were, above the plain of his ſhouldersand 
back, ſo that he was able to ſee backwards alſo over his back. 

Fifthly, in living Flies, I have obſerv'd, that when any ſmall mote or 
duſt, which flies up and down the air, chances to light upon any part of 
theſe knobs, as it 15 ſure to ſtick firmly to it and not fall, though through 
the Aficroſcope it appears like a large ſtone or ſtick (which one would ad- 
mire,eſpecially fince it is no ways probable that there is any wet or gluti- 
nous matter upon theſe Hexriſpheres,but I hope I ſhall render the od. in 
another place) ſo the Fly preſently makes a of his two fore-feet inſtead 
of eye-lids, with which, as with two Brooms or Bruſhes, they being 
all beſtuck with Brifles, he often ſweeps or bruſhes off what ever hinders 
the proſpeCt of any of his Hemiſpheres, and then, to free his leggs from 
that dirt,he rubs them one againſt another.the pointed Brifles or Tenters 
of which looking both one way, the rubbing of them to and fro one 
againſt another, does cleanſe them in the fame manner as I have oblery'd 
thoſe that Card Wool, to cleanſe their Cards, by placing their Cards, fo 
as the teeth of both look the ſame way,and then rubbing them one againſt 
another. In the very fame manner do they bruſh and cleanſe their bodies 
and wings, as ſhall by and by ſhew:; other creatures have other contri- 
vances for the cleanſing and cleering their eyes. 

: Sixthly, that the number of the Pearls or Hemiſpheres in the cluſters 
of this Fly, wasneer 14000. which I judged by numbering certain rows 
of them” ſeveral ways, and caſting up the whole content , -accounting 
each cluſter to contain' about ſeven thouſand Pearls, three thowfand 
of which were ofa Ccize, and conſequently therows not ſo thick, and 
the foure. thouſand/T accounted to be the number of the ſmaller Pearls 
next the feet and proboſcis. Other Animals I obſery'd to-have yet a 
greater number, as the Dragoz-Fly or Adderbolt - 'And others tohavea 
much leſs company,'as an At, &c. and ſeveral other ſmall Flies and 


| Sepemtbly.that the order of theſe cies or Hewiſpheres was altogether curi- 
ous. and admirable;they' being plac'd inall kind of Flies,and aeria/armals, 
ma'moſt curious and regular ordination of triangular rows, in which or- 
dertheyarcrang'd the neereſt rogetherthar poſhbly they can, and con- 
ſequently-teave the leaſt pits or trenches berween them. -But in Shrimps, 
Cranfihes, Lobſters, and ſuch kindoof Creſtaceons water Animals, I have 


yet 
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+ age 'dthem rang'd in a quadrangular order, the rows;cytting each 
otheratright angles,which as it admits of a leſs qnamber of Pearlsingqual 
ſurfaces3-.10 have thoſe creatures a.recompence made them, þyihaying 
\ their eyes a little, movable in their heads, whichthe, ather altopether 


want, $oinfinitely wiſe and provident do we fing/all-the Dilſpenſations in 
Natyse; that cÞrainly Epicuras, and his followers, mult very little hays 
conſider'd them, who atcrib'd thoſe: things to the produttiongf chance, 
thatwil.to a more attentive conſiderer,appear the produdts of the highelk 
Wiſdom and Providence. - om © eg hag otoged 11) Blnow 38 on 
.; Upon the Anatomy or DifſeCtion of the Head; I obſerv'd theta pars 

A 2 ; : "I ro 


ticiyars: 353HTTNRS SN! | (44 | 9012113 1:1 .0i6 Stdggotg 
- Firſt, that this outward ſkin, like the. Correa of the eyes of the greater 
Anitals, was both flexible and tranſparent, and ſeem'd, through:the 466+ 
erdſcqpe, | perfectly'to reſemble the very ſubſtance of the Corneaoafa man's 
eye5' for having cut out the cluſter, and remoy'd:the dark and wncowur 
ſtuff that is ſubjacenttoit, I could ſee it tranſpaxent like a thiti piece of 
{ſkin;-:having as many cavities in the infide of 1t, and rang'd in the ſame 
order as it had protuberaxces on the outſide,and this propriety] found the 
ſame inal the Animals that had it; whether Fhes orShell-Fiſh; :.: +; | 
Secondly, 1 found that all Animals that I have obſerv'diwith thoſe kind 
of eyes, have within this Cormee, a certain cleer'liquor or juice, though'in 
a very. little quantity, and, 1A THO Yitic 
...-gbſerv'd thirdly,: that within that cleer liquor, they had:akind of 
dark.coycous lining, which was all ſpread round within the cavity ofthe 
clafter, and how's very neer: adjoining to it, the colour of: which, in 
ſome' Flies, was grey ; in others, black; in others red; in others,of amix'd 
colour ; in others,ſpotted 3. and-that the whole cluſters, when look'd on 
whil'ft:the Animal was living, or but newly kill'd, appear'd of the ſame 
colour that this coat (as Imay ſo. call it) appear'd of, when that outward 
ſkin, or Cormea,was remov'd. .. THe | mo 
- Fourthly, that the reſt of the-capacity of the cluſters was in ſome, as 
in:Dragon Flies, ec. hollow, or empty ; in others. fill'd with ſome kind 
of ubliapce ; in blue Flies, with a reddiſh muſculous ſubſtance; with fibres 
tending from the center or bottom outwards ; and divers other;with va- 
rious and differing kinds of ſubſtances. KGoment 

That this curious contrivance is the organ of ſight to all thoſe various 
Cryſiaceons Animals, which are furniſh'd with it, I think we need not 
doubt; if we conſider but the ſeveral congruities it has with the eyes of 
greater creatures. | fat 
_ Asfirſt, that it is furniſh'd with a Cornea, with a traxſparent humonr,and 
| Withaxvea or retina, that the Figure of each of the ſmall Hemiſpheres are 
very. Spherical, exaQtly poliſh'd, -and moſt vivid, lively and plump,when 
the Animal is living,as in greater Animals,and in like manner dull.flaccid, 
and irregular, or ſhrunk, when the Animal is dead. | 2s 

Next, 'that - thoſe creatures that are furniſh'd with it, have no 
other organs that have any. reſemblance to the known eyes of other 


creatures, | | 
Al B b Thirdly, 
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- > Thirdly.that thoſe 'which they'call the eyesof Crabs,Lobſters;Shrimps, 
id wort Gary are#eally ©, are Femiſpher'd, almoſt in the-ſartie'man- 
ner asthefe of Flies are. And that 'they'really- are 10, Thave'very often 
try 4b cutting off theſe little movable knobs, arid putting che'creatare 
againinto the water, that'it wontd'fwim to and fro; 'agd moveup'and 
down'is well as beferc;-but would oftenhit it ſelf ag ſt the rocks or 
ſtones; and thoog [T put my hand juſt before-its head; it would 'notat 
all ſtart orfly back" till I touch'd it; whereas 'whiFſt 'thoſe' were remain- 
ing, it would ſtart back,and avoid my hand or a ſtick'at a good diſtance 
beforeittouch'd it. ' AndiFin craftaceons:Sea-anittals;then'it ſeems ve 
robable alſo.that theſe knobs are the eyes in craſtaceowsInſets, which are 
alfo of theiſame kind, onely in a higherand:moreattive Element ; this the 
conformity-or congraity of many” other parts common ro either ofrthem, 
will ſtrongly argue,their cruſtaceans armour,their number of leggs,which 
are ſix, befide the two-great claws, which anſwer to the wings in Inſects ; 


and inallikind of Spiders, as alſo in many other Inſects that want wings, 
 weſhball find: the compleat number of'them, and not onely the number, 


but the very ſhape, figure; joints, and-claws of Lobſters and Crabs, as is 
evident in Scorpions and Spiders, /as'is viſible in the ſecond Figzre of the 
3 r. $cheme.and/in the little Mite-worm,whichT call a Land-crab,deſerib'd 
In the'ſecond Figure of ithe 33. 8chemebut in'their manner of generation 
being oviparous, &c. And it were very worthy obſervation, whether 
there be:not ſome kinds. of transformation and metamorphoſis in the ſe- 
veral ſtates of cruſtaceons water-animals; as there's in ſeveral forts of In- 
ſects; for if ſuch could be met with,the'progrels of the variations would 
be much more confpicuous in thoſe larger Animals, then they can be in 
any kind: of Inſects our colder Climate affords. | 
Theſe being their eyes, it affords us a very pretty Speculation to con- 
template their mannerof viſion, which, as it is very diftering from that of 
biocular Animals, fo is it not leſs admirable. | 
' That. each of theſe Pearls or Hemiſpheres is a perfect eye, I think we 
need not doubt, if we confider onely:the outſide or figure of any one of 
them, for they being each of them. cover'd with a tranſparent protube- 
rant Cornea; and cuntaining a liquor within them, reſembling the war 
or glaſſie humours of the eye, muſt neceſlarily refra& all the parallel 
Rays that fall on them out of the air, into a point not farr diſtant within 
them, where (in all probability) the Retina of the eye is placed,and that 
opacons, dark, and mucous inward. coat that (I formerly ſhew'd)I found 
to ſubtend the concave part of the cluſter is very likely to be that-#x- 
nicle-or.coat; it appearing through the Aficroſcope.to be plac'd alittle 
more thania Diameter of thoſe Pearls below or within the tunica cornea. 
And if:fo, then is therein! all probability, a little Picture or Image of the 
objects without, painted or- made-at the bottom of the Retina againſt 
every one of thoſe Peatls, fo that there: are as many impreflions on the 
Retina:or opacous {kin, as there are: Pearls or Hemiſpheres on' the cluſter. 
But becauſe it is impoſſible for any protuberant ſurface whatſoever, whe- 
ther ſpherial or other, ſo to refract the Rays that come from farr remote 
| | lateral 
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lateral points of any Object as to colle& them again,and unicetherti eacti 
ina diſtinct point,and that onely thoſe Rays which come from ſome poine 
that lies in the Axis of the: Figure produc'd, are: ſo accurately re- 
frafted to one-and the ſame point again, and that the latera/Rays,thefur- 
ther they are remov'd, the more.imperfect:is their refradted confluence'; 
It follows therefore, that onely the Picture of thoſe partsof the external 
objects that lic in, or neer, the Ax#s of each Helwdfphers, areidiſcernably 
painted or made on the Aetina of each Hemiſphere, and that therefore 
each of them can diſtinctlyſenſate or ſec onely thoſe parts which are very 
neer perpendicularly opposd to it, or lie-in- or neer' its-opitick Ax#; 
Now, though there may be by each of thefe eye+pearls,a repreſentation 
to the Animal ofa whole Hemiſphere in the ſame-manner. asin-aman's eye 
there is a xifture or ſenſation in the Retina of all the objefts lying almoſt 
inan Hemiſphere ; yet, as-1n a. man's eye alſo, there. are:but ſome iverv 
few points which - hyng in, or neer, the optick, Axis are diſtmacti dif 
cern'd : So. there may be multitudes of Pictures\made of :amObje& in 
the ſeveral Pearls, and yet but one, or ſome very few that are :diſtin&s 
The repreſentation of any object that is madeinariy other Pearl, bur that 
which 1s direftly,or very neer direCtly,opposd;being altogether.confus'd 
and/unable to produce a diſtinct viſion. : 1 ho 7 bt 

+: Sotthat we'ſee, that though it;has pleas d theiAll-wiſe Creator, to in- 
dye this creature with ſuch - multitudes:of eyes; yet has he not indued it 
with the faculty of ſeeing more thenianother-oreature; for whereas this 
cannot move-his head;at leaſt can move_ itvery: little; without moving his 
whole body, bzocular. creatures can.in an inſtant :(or the fwirkling of a 
ee, which, beingj very quick; 1s vulgarly wuſed in_the ſame ſignification) 
moveitheir eyes fo as to direct ithe' optick: Ax5:to any.pointz nor is it: 
probable, that they are able to {ce attentively atione-time more then one: 
Phyſical point 3 for though there; be a diſtinct Image made-inevery eye, 
yet;tis very likely;that the obſdrving; faculty. is only imploy/'d about ſome 
ene objet for which-they have moſt concern. --;{1 5 [10 y 
: /Now; as we accurately diſtinguiſh the fite--or (poſition of an Object 
by the motion: of. the Muſcles of the eye requilite: to put theroptick Line 
madireC poſition,and confuledly by the polition ofthe imperfet Picture 
of the obje& arthe bottom of the eye; ſo are theſe; arnſtaceozs creatures 
able tojudge confaſedly of the: poſition of objects by'the:Pidture or im- 
preſlion madeat the bottom. of the oppolite Peatl; and diftinitly bythe 
removal of the attentive or obſerving faculty.,4tzom onePearlt6:another, 
but what this faculty 1s,as it requires another place, ſo a much deeper ſpe+ 
culation. Now, becauſeit were impofhible,even with this multitude of eye- 
balls,to ſee any object dittinct(tor asT hinted betore,onely thoſe parts that 
lay in,or veryneer.the-optick Lines could belfolthe Tnfinitely wiſe Creator 
has not left the creature without a power of moving the head a little in 
Aerial cruſtaceoms atiimals,and the'very eyes alſo in.craſtzceovsSea-atiimals; 
ſo that-by theſe-means they arcinabled to direct fone optic linear other 
apainſt any objeQt,and by that means. they.have'the viſive faculty as com-: 
pleat.as any Animal that \can.moveits eyes. on ot 
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Diſtances of Objetts alſo, 'tis very likely they diſtinguith, partly by 
the conſonant impreſſions made in ſome two convenient Pearls, one in 
cach cluſters for, according as thoſe congruous impreſhions atie&, two 
Pearls necrer approach'd to each other, the neerer is the Objet, and 
the farther they are diſtant, the more diſtant is the Object: partly alſo 
by:thealteration of cach Pearl, requiſite to make the Senſation or Pifture 
perfect ; for tis 1 that the Pictures of two Objects, variouſly 
diſtant, can be perfetly painted, or made on the ſame Ketine or bottom 
of the eye notaltercd, as will be very evident to any one that ſhall atten- 
tively confider:the nature of refraction. Now, whether this alteration 
rw th mtheFigure of the Cornes,in the motion of acceſs or receſs of the 
Retina ems or inthe alteration of a cruſtaline humour, if 
fzchthere be, I pretend not to determine; though Ithink we need not 
doubt, but'that there may be:as much curioſity of contrivance and ſtru- 
dire inevery one of theſe Pearls, as in the eye of a Whale or Elephant, 
and thefalmighty's Fiat-could as eafily cauſe the exiſtence of the one as 
the other; and as one day and. a thoutand years are the fame with him,fo 
may one eye and ten thouſand. 112.232 04,19 462148 

This, we may be' fare'of; that the filaments or ſenſative parts of the 
Retina muſt be moſt exceedingly curious:and minute, fince the whole 
Picture ic ſclf is fach { what inwſt needs the 'component parts be of that 
Ketine which diſtmguiſhes the part of :an objett's Picture that muſt be 
many millions of millions leſs then that in aman's eye? And how exceed- 
ing curious and ſubtile muſt the component parts of the wedinar that 
conveys light be, when we find: the:inftrument made for its reception or 
refraftionto be fo exceedingly finall > wemay,l think; from this ſpecula- 
tion be ſufficiently diſcouraged from hoping to diſcover by any optick or 


. Other inſtrument the determinate bulk of the parts of the medinas that 


conveys the:'pulſe of light, fince we find that there' is not leſs accurate- 
neſs ſhewn in the Figures and poliſh-of -thoſe exceedingly minute lenti- 
cular ſurfaces, then in thoſe more-large and conſpicuous furfaces of our 
own | moons Inot doubt, but thar'there is:a determinate bulk 
of thale: parts, fmce I; find them unable co: enter between' the parts of 
Mercury, which being in motion, muſt neceſſarily have pores, as I fall 
elſewhere ſhew, and here paſs by, as being a digrefſion, © 
"Asconcerning'the. horns'F F, the feelcers' or fmelters,” GG, the Pro- 
baſeir HH, and 1, the! hairs and briſles, KK, I ſhall indeavour to de- 
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-> +, ,Obſery. XL.: Of the Teahof aSmail. 

T Have litde-more 1o add'of the Teeth. of a Snail, beſides the Picture 
of it, which is repreſented in the -firft:Figere of the 25. $cheme, fave 
that his berided body, ABCD-EF, whichicem'd fafhioned very much 
like a row of ſmall teeth, orderly phac'd inthe Gums,” and looks as if it 
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were divided into ſeveral ſmaller and greater black teeth, was nothins 
but one ſmall bended hard bone,which ja plac'd inthe upper jaw oY 
mouth ofa Houſe-Snail, with which I obſety'd this very Snail to feed on 
the leaves of a Roſe-tree, and to bite out pretty large and half round 
bits, not unlike the Figureof a (C) nor very much differing from it iri 
bigneſs, the upper part ABCD of this bone, I found to be much whiter 

and to grow out of the upper chap of the Snail.G G G.,and not to be any 
thing neer ſo much creas'd as the lower and blacker part ofit HITHKKH 
which was exaCtly ſhap'd'like teeth, the bone growing thinner, or taper- 
ing toanedge towards K K K. It ſeern'd to have nine teeth, or prominent 
parts IK, IK, IF, +. which were join'd together by the thinner inter- 
pos'd parts of the bone. The Animal ro which theſe teeth belong, is a 
very anomalous creature, and ſeems of a kind quite diſtin from any 
other terreſtrial Animal or Inſet, the Anatomy whereof exceedingly dit- 
fering from what has been hitherto given of it] ſhould have inſerted, but 
that it will be more proper in another place. I have never met with any 
kind of Animal whole teeth are all join'd in one, ſave onely thatT larely 
obſerv'd, that all the teeth of a Rhinocerot, which grow on either ſide 
of its mouth, are joind mto one large bone, the weight of one of which 
I found to be neer eleven pound Haverdwpois. So that it ſeems one of 
the biggeſt ſort of terreſtrial Animals, as well as one of the ſmalleſt, 
has his'teeth thus ſhap d. : | TIE 
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He Egys of Siſk-worms(one of which I have deſcribd inthe ſecond 

Fignre of 25. Scheme) afford a pretty Objed for a Microſcope that 
magnifies very much, efpecially if it be bright weather, and the light of a 
window be caſt or collefted onit by a deep Convex-glafs, or Water-ball, 


For then the whole ſurface of the Shell may be perceiv'd all cover'd over 


with — ſmall pits or cavities with interpoſed edges, altnoſt in the 
manner of the ſurface of a Poppy-ſeed,but that theſe holes are not an hun- 
dredth part ſcarce of ;theirbigneſs; the Shell,when the young ones were 
hatch'd (which I found an eafie thing to do, if the Eggs were kept in a 
warm place) appear'd no thicker in proportion to its 5ulk,then that of 
an Hen's or Goos's Egg isto its bulls, and all the Shell appear very white 
(which ſcem'd ro proceed from its tranſparency) whence all thoſe pit- 
tings did atmoſt vaniſh, ſo that they could not, without much difficulty, 


191 © 


be difcern'd, the inſide of the Shell ſeem'd to be lin'd alſo with a kind of 


thin film,not unlike (keeping the proportion to its Shell)that with which 
the ſhell of an Hen-egg is lin'd ; and the ſhell it ſelf ſeem'd like commort 
Egg+-ſhe)ls,: very brittle,” and crack'd. In divers other of theſe Eggs I 
could plainly enough, through the ſhell, perceive the ſmall Infect lie 

led round the edges of the ſhejl.. The ſhape of the Egg it ſelf, the 
Figure pretty well repreſents{though by default of the Graver it doey 


not 
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not appear ſo rounded, and lying above the Paper, as it were,as it oughe 
todo) that is, it was for the moſt part pretty oval end-ways, ſomewhat 
like an Egg,but the other way it was a little flatted on two oppoſite ſides, 
Divers of theſe Eggs, as is common to moſt others, I found to be bar. 
ren, or addle, for they never afforded any young ones. And thoſe [ 
uſually found much whiter then the other that were prolifick. The 
Egps of other kinds of Oviparous Inſects I have found to be perfe&ly 
round every way.,like ſo many Globules,of this ſort I have obſerv'd ſome 
forts of Spiders Eggs3 and chancing the laſt Summer to incloſe a very 
large and curiouſly painted Butterfly in a Box, intending to examine its 
audery with my 42croſcope, I found within a day or two after I inclos'd 
pv almoſt all the inner ſurface of the Box cover'd over with an infinite 
of exattly round Eggs, which were ſtuck very faſt to the ſides of it, and 
in ſo mace fg regular and cloſe an order, that made me call to mind my 
Hypotheſis, which I had formerly thought on for the making out of all the 
regular Figures of Salt. which I have elſewhere hinted ; for here I found 
all of them rang'd into a moſt exact #riagonal order, much after the man- 
ner as the Heeriſpheres are place on the eye of a Fly; all which Eggs1 
found after a little time to be hatch'd, and out of them to come a multi- 
tude of ſmall Worms, very much reſembling young Silk-worms, leaving 
all their thin hollow ſhells behind them, ſticking on the Box in their #r:- 
agonal poſture; theſe I found with the Afcroſcope to have much ſuch a 
ſubſtance as the Silk-worms Eggs, but could not perceive them pitted. 
And indeed, there is as great a variety in the ſhape of the Eggs of Ovi- 
parous Inſefts as among thoſe of Birds. : EO 
Of theſe Eggs, «large and lufty Fly will at one rinte lay neer four or 
five hundred. fo that the increaſe of theſe kind of Inſe&s muſt needs be 
very prodigious, were they not prey d on by multitudes of Birds, and de- 
ſtroy d by Froſts and Rains; and hence 'tis thoſe hotter Climates between 
the Tropicks are infeſted with ſuch'multitudes 'of Locuſts, and ſuch other 
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Tz kind of Fly;whereofa Microſcopical Pifure is delineated:in the 
firſt Figure of the 26. Schexve, is a very beautifull creature, and has 
many things about it very notable ; divers of which I have already'partly 
deſcrib'd, namely, the feet, wings, eyes, and head, in the preceding 
Obſervations. [$CC3E-3407 ; Ir} e191: 
- And though the head before deſerib'd be that of a grey Drone-Fh, 
yet for the' mainit'is very agreeable to this.' The things wherein they 
differ moſt, will be cafily enough found by the following particulars: © 

Firſt, the cluſters of eyes of this Ely,are very much ſmaller then thoſe 
of the Droz-Fly, in proportion to the head. : ; + T mo 
i And 
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M1icRoGRAPHIA. 
- And next, all the eyes of each cluſter ſeem'd much of the ſame bigneſs 
one with another, not differing as the other, but rang'd: in the fame.tr> 
agonil order. | 3 bagt9iito 14 dan ihe 

Thirdly, between theſe two cluſters, there: was a ſcaly-prominent 
front B, which was arm d and adorn'd with large taperih ſharp:black 
briſles, which growing out in rows on either ſide, were G bens toward 
each. other neer the top, as to make a kind of arched -arbour of Briſles, 
which almoſt cover'd the former frozt. CEIIHE 3 m4 b c1-t 

Fourthly, at the end of this Arch, about the middle of the face, on x 
prominent part C, grew two ſmall oblong bodies,, D D; which through 
a Microſcope look'd not unlike the Pendants ins Lillies, theſe ſeem'd to Fo 
jointed on to two ſmall parts at C, each of which ſeem'd again;jointed 
into the front. 4; Yo a9l3 Nets te 

Fifthly, out of the upper part and outſides of theſe horns (as.I may 
call them, from the Figure they are of, in the 24. Scheme, where they 
are marked with FF) there grows a1ingle feather, or bruſhy Briſle, EE, 
ſomewhat of the ſame kind with the tufts of a Gnat, which 1 have before 
deſcribed. | 3-5 | 

What the uſe of theſe kind of horned and tufted bodies ſhould be, 1 
cannot well imagine,unleſs they ſerve for ſmelling or hearing,though how 
they are adapted for either, it ſeems very difficult to deſcribe they are 
in almoſt every ſeveral kind of Flies of fo various a ſhape; though certain- 
ly they are ſome yery eſlential part of the head, and have ſome very 
notable office aſlign'd them by Nature, ſince in all Inſefs they are to be 
found in one or other form. | 13 0h on tant 

Sixthly, at the under part of the face F F, were ſeveral of the former 
ſort of bended Britles; and below all, the mouth, out of the middle of 
which, grew the proboſcis G H I, which, by means of ſeveral joints, where- 
of it ſeem'd to conliſt, the Fly was able to move toand fro, and thruſt it 
in and out as it pleas d;; the end of this hollow body (which was all over 
cover'd with ſmall ſhort hairs or brifles) was, as 'twere, bent at H, and 
the 'outer or formolt ſide of the bended part HI, lit, as it were, into 
twochaps, HI, HI, all the outſide of which where cover'd with hairs, 
and pretty large briſles; theſe he could, like two chaps, very readily 
open and ſhut, and when he ſeem'd to ſuck any thing from the furface of 
a body, he would ſpread abroad thoſe chaps, and apply the hollow part 
of them very cloſe to it. 

From either fide of the Proboſcis, within the mouth, grew two other 
ſmall horns, or fingers, K K, which were hairy, but ſmall in this Figure ; 
but of another ſhape, and bigger in proportion, in the 24. Scheme, where 
they are marked with G G, which two indeed ſeem'd a kind of ſmellers, 
but whether ſo or not, I cannot poſitively determine. | 

The Thorax or middle part of this Fly, was cas'd, both above and be- 
neath, with a very firm cruſt of armour, the upper part more round, and 
covered over with long conical briſles,all whole ends pointed backwards; 
out of the hinder and under part of this grew out in a cluſter fix leggs, 


three of which are apparent in the Figure, the other three were hid by = 
oay 
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body plac'd in that poſture. The leggs were all muchof the ſame make, 

ing all of them cover'd with a ſtrong hairy ſcale or ſhel.juſt like the legs 
of a Crabb or Lobſter,and the contrivance of the joints ſeem'd much the 
fame 5: each legg ſeem'd: made up of eight parts, 1, 2,3, 4, 5: 6,7, 8, to 
the eighth or laſt of which, grew the ſoles and claws, deſcribed before 
inthe 38. 0bſervation. ' ; : 

Out of the upper part of this trunck grew the two wings, whichTmen- 
tion'd in the 38. Obſervation, conliſting of a film, extended on' certain 
fmall ſtiff wires or bones: theſe in a blue Fly, were much longer then 
the body, but in other kind of Flies they are of very differing propor- 
tions to the body. Theſe films,in many Flies, were fo thin,that,like ſeveral 
other plated bodies (mention'd in the ninth Obſervation) they afforded 
all varieties of fantaſtical or tranſient colours (the reaſon of which I have 
here endeavoured to explain) they ſeem'd"to receive their nouriſhment 
from the ſtalks or wires, which ſeem'd to be hollow, and neer the upper 
part of the wing LL ſeveral of them feem'd jointed, the ſhape of which 
will ſufficiently appear by the black lines in the ſecond Figure of the 
26. Scheme, which is a delineation of one of thoſe wings expanded di- 
rectly to the = | 

All the hinder part of its body is cover'd with a moſt curious blue ſhi- 
ning armour, looking exa&ly like a pohſh'd piece of fteel brought to that 
blue colour by annealing, all which armour is very thick beſtuck with 
abundance of tapering briſles, ſuch as grow on its back, as is viſible 
enough by the Figure. | | 

Nor was the infide of this creature leſs beautifull then its outſide, for 
cutting off a part of the belly, and then viewing it, to ſee # I could dil- 
cover any Veſſels, ſuch as are to be found in a greater Animals, and even 
in Snails exceeding manifeſtly,I found,much beyond my expeCtation;that 
there were abundance of branchings of Milk-white vehlsno leſs curious 
then the branchings of veins and arteries in bigger terreſtrial Animals,in 
one of which,I found two notable branches, joining their two main ſtocks, 
asSIt were. into one common dxFx5; now, to what veins or arteries theſe 
Veſlells were analogus, whether to the vera porta, or the meſeraick veſ- 

ſells, or the like, or indeed, whether they were veins and arteries, or vaſz 
laGea, properly fo called, I am not hitherto able to determine, having 
not yet made ſufficient enquiry ; but in all particulars, there ſeems not to 
be any thing leſs of curious contrivance in theſe Inſe&s, then in thoſe 
larger terreſtrial Animals, for I had never ſeen any more curious branch- 
ings wk Veſlells, then thoſe I obſerv'd in two or three of theſe Flies thus 
opened, þ 
. It isa creature aCtive and nimble, ſo as there are very few creatures 
like it, whether bigger or ſmaller, in ſo much, that it will ſcape and 
avoid a ſmall body, though coming on it exceeding ſwiftly, and if it ſees 
any thing approaching it, which it fears, it preſently ſquats down, as it 
were,that it may be the more ready for its riſe. 
; Nor isit leſs hardy in the Winter, then aCtive in the Summer, induring 
all theFroſts, and ſurviving till the next Summer, EI - the 
itter 
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bitter cold of our Climate; nay, this creature will indure to be frozen; 
2nd yet not be deſtroy d,for I have taken one of them out of the Snow 
whereon'it has been trozen almoſt white, with the Ice about it, and yet 
by thawitg it gently by the warmth of a fire, it has quickly revivid-and; 
flown' about. } 2 12 4501 
This kind of Fly ſeems by the ſteams or taſte of fermenting and; 
putrifying meat (which it often kiſles,as twere, with its proboſcis as it trips 
over it) to be {timulated or excited to eject its-Eggs or Seed on it, per- 
haps, from the ſame reaſon asDogs,Cats,and many other brute creatures 
are excited to their particular Juſts, by the {mell of their females, wheri 


by Nature prepared for generation; the males ſeeming by thoſe kind 
of {mells,' or other incitations, to be as much neceflitated thereto. as 
Aqua Regis ſtrongly impregnated with a ſolution of Gold,is forced to pre 
cipitate it by the affuſion of ſpirit of ' Vr2ve, or a ſolution of Salt of 
Tartar, | | 
- One of theſe put in ſpirit of Wine, was very quickly ſeemingly kill'd; 
and both its eys and mouth began to look very red, but upon the taking 
of it out, and ſuffering it to lie three or four hours, and heating it with: 
the Sun beams caſt through a Burning-glaſs, it again reviv'd, ſeeming, as 
it were, to have been all the intermediate time, but dead drunk, and af- 
ter certain hours to grow freſhagain and ſober. | 


Obſerv. XL 111. Of the Water-Inſet or Gnat, 


Bis little creature, deſcribed in the firſt Figyre of the 27. Scheme, 
was a ſmall ſcaled or cruſted Animal, which Ihave often obſery'd 
to be generated in Rain-water ; I have alſo obſerv'd it both in Pond and 
River-water. It is ſuppos'd by ſome, to deduce its firſt original from the 
putrifaCtion of Rain-water, in which,if it have ſtood any time open to the 
air, you ſhall ſeldom miſs,all the Summer long, of ſtore of them friſking 
roo and fro. | 
'Tisa creature, wholly differing in ſhape fromany I everobſerv'd; nor' 
1s its motion leſs ſtrange : It has a very large head, in proportion to its. 
body, all covered with a ſhell, like other feſtaccons Animals, but it dif- 
fers 1n this, that it has, up and down ſeveral parts of it, ſeveral tufts of 
hairs, or briſles, plac'd in the order exprefs'd in the Figure; It has two 
horns, whichſecm'd almoſt like the horns of an Oxe,inverted,and, as neer 
asT could gheſs, were hollow, with tufts of brifles, likewiſe at the top3theſe | 
horns they could move eaſily this or that way,and might, perchance, be 
their noſtrils. It has a pretty large mouth, which ſeem'd contriv'd much' 
like thoſe of Crabs and Lobſtersby which, I have often obſerv'd them to; 
feed on water, or ſome imperceptible nutritive ſubſtance in it. — 
' 'T could perceive, through the tranſparent ſhell, while the Animal ſur- 
vivd, ſey&ral motions in the head, thorax, and belly, very —_ 
| C O 
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:Fring kinds which I may, perhaps, elſewhere endeavour more ac- 
_—_ n. examine, and to New of how great benefit the uſe of a 243- 
croſcope may be for the diſcovery of Nature's courſe in the operations per- 
form'd in Animal bodies, by which we have the opportumty of obſervin 
her through theſe delicate and pellucid teguments of the bodies of Inſects 
iCting according to her uſual courſe and way, undiſturbed, whereas, 
when we endeavour to pry into her ſecrets by breaking open the doors 
upon her, and diſſecting and mangling creatures whil {t there Is life yet 
within them, we find her indeed at work, but pur into ſuch diſorder by 
the violence offer'd, as it may eaſily be imagin'd, how c—_— thing we 
ſhould find,if we could,as we can with a Microſcope,in theſe {maller crea- 
tures, quietly peep inat the windows, without frighting her out of her 
uſual byas. ; Ten . 

: The form of the whole creature, as it appear d in the Microſcope, may, 
without troubling you with more deſcriptions, be plainly enough per- 
ceiv'd by the &cheme, the hinder part or belly conſiſting of eight ſeveral 
jointed parts, namely, ABCDEF GH, of the firſt Figre, from the 
midſt of each of which,on either ſide,ifſued out three or four {mall brifles 
or hairs, I, I,I,I,I, the tail was divided into two parts of very differing 
make; one of them, namely, K, having many tufts of hair or briſles, which 
ſeem'd to ſerve both for the finns and tail, for the Oars and Ruder of this 
little creature, wherewith it was able, by friſking and bending its body 
nimbly to andfro,to move himſelf any whither,and to ſkull and ſteer him- 
ſelfas he pleas'd;the other part, L, ſeem'd to be,as twere,the ninth diviſi- 
on of his belly,and had many fingle briſles on either fide. From the end V, 
of which, through the whole belly, there was a kind of Gut of a darker 
colour, MMM, wherein, by certain Periſtaltick motions there was a kind 
of black ſubſtance moy'd upwards and downwards through it from the 
orbicular part of it, N,(which ſeem'd the Yertricle,or ſtomach)to the tail 
V.and fo back again, which periſtaltick, motion I have obſervd alſo in a 
Louſe, a Gnat, and ſeveral other kinds of tranſparent body'd Flies. The 
Thorax or cheſt of this creature OO OO, was thick and ſhort, and pret- 
ty tranſparent, for through it I could ſee the white heart (which is the 
colour alſo of the bloud in theſe, and moſt other InſeCts) to beat, and 
ſeveral other kind of motions. It was beſtuck and adorn'd up and down 
with ſeveral tufts of briſles, ſuch as are pointed out by P, P, P, P, the 
head Q was likewiſe beſtuck with ſeveral of thoſe tufts, SS S; it was 
broad and ſhort, had two black eyes, T T, which I could not perceive at 
all pearl'd, as they afterwards appear'd, and two ſmall horns, R R, ſuch 
as I formerly deſcrib'd. 

Both its motion and reſt is very ſtrange, and pleaſant, and differing 
from thoſe of moſt other creatures I have obſerv'd; for, where it ceaſes 
from moving its body, the tail of it ſeeming much lighter then the reſt 
of its body,and a little lighter then the water it ſwims in, preſently boys 
it up to the top of the water, where it hangs ſuſpended with the head al- 
ways downward; and like our Aztipodes, if they do by a friſk get be- 
low that ſuperficics, they preſently aſcend again unto it, it they ceaſe 

moving, 
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moving, until they tread, as it were, under that ſuperficies with their 
tails 3 the hanging of theſe in this poſture, put me in mind of a cer- 
rain creature I have ſeen in Lodo, that was brought out of America, 
which would very firtnly ſuſpend it ſelf by the tail, with the head down- 
wards,and was faid tofleep in that poſture, with her young ones in het 
falſe belly, which is a Purſe, provided by Nature for the produdtion, 
nutrition, and preſervation of her young ones, which is deſcribed by Piſs 
in the 24. Chapter of the fifth Book of his Natural Hiſtory of Br fil. 

The motion of it was with the tail forwards,drawing its ſelf backwards, 
by the friſking to and fro of that tuft which grew out of one of the 
ſtumps of its tail. It had another motion,which was more ſutable to that 
of other creatures, and that is, with the head forward for by the moving 
of his chaps (1f I may fo call the parts of his mouth) it was able tomove 
it ſelf downwards very gently towards the bottom, and did,as 'twere,cat 
up its way through the water. 

But that which was moſt obſervable in this creature, was, its. Meta- 
morphoſts or changesfor having kept ſeveral of theſe Animals in a Glaſs of 
Rain-water,in which they were produc'd, I found,after about a fortnight 
or three weeks keeping, that ſeveral of them flew away in Gnats, leaving 
their huſks behind them in the water floating under the ſurface, the 
place where theſe Animals were wont to reſide, whilſt they were in- 
habitants of the water : this made me more diligently to watch them, to 
ſee if I could find them at the time of their Re. and not long 
after, I obſerv'd feveral of them to be changed into an unufual ſhape, 
wholly differing from that they were of before, their head and body 
ing _ much bigger and deeper, but not broader, and their belly, or 
hinder part ſmaller, and coyl'd, about this great body much of the faſhi- 
on repreſented bythe prick'd line-in-the ſecond Figzre of the 27. Scheme, 
the head and horns now ſwam uppermoſt, and the whole bulk of the bo- 
dy feem'd to be grown much lighter ; for when by my frighting of it, it 
would by friſking out of its tail (in the rnannet expreſs'd in the Figure 
by B C) fink it ſelf below the ſurface towards the bottom 3; the body 
would more ſwiftly re-aſcend, then when it was in its former ſhape. 

' I till marked its progreſs from time to time,and found its body ſtill to 
we bigger and bigger, Nature, as it were, fitting and accoutring it 
the lighter Element, of which it was now going to be an inhabitant ; 
for,by obſerving one of theſe with my Microſcope, I found the eyes of it 
to be altogether differing from what they ſeem'd before, appearing now 
all over pearl'd or knobb'd, like the eyes of Gnats. as 1s viſible in 
the ſecong Figrre by A. At length, I ſaw part of this creature to ſwim 
above, and part beneath the furſzce of the water, below which though 
It would quickly plunge it ſelf if I by any means frighted it,and preſently 
re-aſcend into its former poſture; after a little longer expeQation, [ 
found that the head and body of a Ghat, began to appear and ſtand cleer 
above the ſurface, and by degrees it drew out its leggs, firſt the two for- 
moſt,then the other;at length its whole body perfect and entire appeard 


out of the huſk (which it left in the water) ſtanding on its leggs upon 
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the top ofthe water, and by degrees it began to move, and after flew 
about the Glaſs a perfect Goat. ; 
I have been the more particular, and large in the relation of the tranſ- 
formation of divers of theſe little Animals which I obſerv'd, becauſe I 
havenot found that any Authour has obſerv'd the like; and becauſe the 
thing it ſelf is ſo ſtrange and heterogeneous from the uſual progreſs of 
other Animals, that I judge it may not onely be pleaſant, but very 
uſefull and neceſſary towards the compleating of Natural Hiſtory. 
There is indeed 1n Piſo, a very odd Hiſtory, which this relation may 
make the more probable; and that isin the 2. Chapter of the 4. Book of 
his Natural Hiſtory of Braſil, where he fays,Porro preter tot documenta fer- 
tilitatis circa vegetabilia &- ſeuſitiva marina telſuris emmla,accidit &+ illud, 
quod pancis & = 20 ooo milliaribus,piſcatoris ancum citra intentionens 
contingat infigi vadis petroſis,&+ loco piſeis ſpongia,coralla,aliaſque arbuſculas 
marinas capi. Inter hac inuſitate forme prodit ſpongioſa arbuſcula, ſeſquipedis 
longitudinis, brevioribas radicibus, lapideis nitens vadis, & rupibus infixa, 
erigiturque in corpus ſhongiofune molle obloneurm rotundum turbinatum: intys 
miris cancellis & alveis fabricatum, extys autem tenaci glutine inſtar Apune 
propolis nndique veſtitum, oſtio ſatis patulo E+» profunds in ſummitate relifo, 
feent ex altera iconum probe depitta videre licet (fee the third and fourth 
Figures of the 27. Scheme.) Ita ut Apiarium marinum vere dixeris ; primo 
enim intuitu 8 Mare ad Terram delatum vermiculis ſcatebat ceruleis parvis, 
qui mox d calore ſolis in Uuſcas,vel Apes potins,eaſq; exignas O' nigras tranſ- 
formebantur, circumvolanteſque evaneſcebant ita ut de eorum mellificatione 
#ihil certi. conſpici datum fuerit, cum tamen ceroſa materia propolis Apum- 
que celle manifeſte apparerent,atque ipſa mellis qualiſcunque ſubſtantia procul- 
Adubio nrinatoribus patebit, ubi curioſins Staring hec apiaria, eaque in 
natali ſolo & ſalo diverſis. temporibus penitins luſtrarint. 

Which Hiſtory contains things ſufficiently ſtrange to be conſider'd, as 
whether the huſk were a Plant, growing at the bottom of the Sea before, 
of it ſelf, out of whoſe putrifaGtion might be generated theſe ſtrange kind 
of Magots; or whether the ſeed of certain Bees, ſinking to the bottom, 
might there naturally form it ſelf that vegetable hive, and take root; 
or, whether it might not be placed there by ſome diving Fly; or, 
whether it might not be ſome peculiar propriety of that Plant,whereby 
It might ripen or form its vegetable juice into an Animal ſubſtance ;, or, 
whether it may notbe of the nature of a Sponge, or rather a Sponge of 
the nature of this, according to ſome of thoſe relations andiconjetturesI 
formerly made of that:body, is a matter very difficult to be determined, 
But indeed,in this deſcription,the Excellent Piſo has not been ſufficiently 
[os In the ſetting down the whole proceſs, as it were to be wiſh'd : 
There are indeed very odd progreſles in the produGion of ſeveral kinds 
of Inſects, which are not le inſtruftive then pleaſant, ſeveral of, which, 
the diligent, Goedartixs has carefully obſerv'd and recorded, but among 

all his Obſeryations, he has none like this, though that of the Heaverobins 
- oy of this:kind, which is added as an Appendix by Johannes 
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I have, for my own particular, . beſides ſeveral of thoſe-mention'd by 
him, obſerv'd divers other circumſtances, perhaps, not much taken notice 
of, though very common, which do indeed afford us a very coercive'argus 
ment to admire the goodneſs and providence of the infinitely wiſe Creas 
tor in his moſt excellent contrivances and diſpenfations.I have obſerv'd,at 
ſeveral times of the Syummer,that many of the leaves/of divers:Plants have 
been ſpotted, or, as it were ſcabbed, and looking on the underfides of 
thoſe of them that have been but a litte irregular; I have perceiv'dthem 
to beſprinkled with divers forts of little Eggs,whichletting alone have 
found. by degrees to grow bigger, and become little: Worms with leggs, 
but ſtill to keep their former places,and thoſe places of the leaves;uf their 
own accords, to be grown very protuberant upwards, and-very;hollow, 
and arched underneath, whereby thoſe young creatures are, as it were, 
ſhelter'd and houſed from external injury ; divers leaves I have obſerv'd 
to grow and ſwell io farr, as at length perfeftly to incloſe the Animal; 
which, by other obſervationsI have made, I gheſs to contain it, and be- 
come, as It were a womb to it, ſo long, till it be' fit and prepar'd to be 
tranſlated into another ſtate, at what time, like (what, they ſay of) Vi- 

pers, they gnaw their way through the womb that bred them';'divers of 
theſe kindsI have met with upon Gooſberry. leaves, Roſe-tree leaves, 
Willow leaves, and many other. kinds, Wo e1'e 27] 

There are often to be found upon Roſe-trees and Brier buſhes, little 
red tufts, which are certam knobs or excreſcencies,growing out from'the 
Rind, or barks of thoſe kinds of Plants, they are mp. with ſtrange 
kinds of threads or red hairs. which feel very foft, .and look not unplea- 
fantly. In moſt of theſe, if it hasno hole init, you ſhall find certain 1little 
Worms, which I ſuppoſe to be the cauſes of their production; for when 
that Worm has eat its way through, they, having performed what they 
were defign'd by Nature to do, by degrees die/and wither away. | 

Now.the manner of their production, ſuppoſe to be thus;'that the Al- 
wiſe Creator has as well implanted 1n every creature a faculty of know- 
ing what place is convenient for the hatching,:--nutrition, and preſervati- 
on of their Eggs and of-ſprings. whereby they are ſtimulated and direted 
to convenient places, which becom, as 'twere:the; wombs that perform 
thoſe.offices : As he has alſo ſuited. and adapted: a property to thoſe 
places wherby they grow and. incloſe thoſe ſeeds; and having incloſeq 
them, providea convenient nouriſhment for them,! but as ſoonas they 
have done the office of a womb, they die and wither. 'i _ = 
...:The-progreſs of incloſure I have often obſerv'd in leaves, which in 
thoſe places where thoſe ſeeds have been caſ},! have by degrees ſwell'd 
and inclos'd them, ſo perfely round, as not to leave' any perceptible 
paſlage.out, 3. It t [1h G1 , Dit 202007519 

From this ſame cauſe, I ſuppoſe that Galls, Oak-apples, and ſeveral 
other produCtions of that kind, upon. the branches. and leaves off Frees, 
have their original; for if you open any of theta, when almoſtripe,.you 
ſhall find a little Worm in them.» Thus, if you; open-vever: ſo many: dry 


Galls, you ſhall find either a hole whereby the Worm has cat its paſſage 
A | out, 
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or if you find no e, you may,by breaking or cutting the Gall, 
end in 6. middle of P cavity, and in it a ſmall body, which does 

ainly enough yet retain a ſhape, to manifeſt it once to have been a 
= though it dy'd by a too early ſeparation from the Oak on which 
It grew, its navel-ſtring.,as 'twere,being broken off from the leaf or branch 
by which the Globular body that invelop'd it, received its nouriſhment 
from the Oak. : 

And indeed.,if we confider the great care of the Creator in the difpen- 
fations of his providences for the propagation and increaſe of the race,nor 
onely of all kind of Animals, but even of Vegetables, we cannot chuſe 
bnt admire and adore him for his Excellencies, but we ſhall leave off to 
admire the creature, or to wonder at the ſtrange kind of afting in ſeveral 
Animals, which ſeem to favour ſo much of reaſon ; it ſeeming to me moſt 
tnanifeſt,that thoſe are but aCtings according to their ſtruftures, and ſuch 
_ operations as ſuch bodies, ſo compos'd, mult neceſſarily, when there are 
ſuch and fuch circumſtances concurring, perform : thus, whenwe find Flies 
ſwarming,about any piece offleſh that does begin a little to ferment;But- 
terflies about Colworts.and ſeveral other leaves,which will ſerve to hatch 
and nouriſh their young ; Gnats, and ſeveral other Flies about the Wa- 
ters, and mariſhy places,or any other creatures, ſeeking and placing their 
Seeds in convenient repoſitories, we may, if we attentively conſider and 
examine it, find that there are circumſtances ſufficient, upon the ſuppoſals 
' of the excellent contrivance of their machine.to excite and force > 6.00 to 
a& after ſuchor ſuch a manner ; thoſe ſteams that riſe from theſe ſeveral 
places may, perhaps, ſet ſeveral parts of theſe little Animals at work,even 
as in the. contrivance of killing a Fox or Wolf with a Gun, the movin 
of a ſtring, isthe death of the Animal; for the Beaſt, by moving the fl 
that is laid toentrap him, pulls the ſtring which moves the trigger, and 
that lets go the Cock which on the ſteel ſtrikes certain ſparks of fire 
which kindle the powder in the pann, and that preſently flies into the 
barrel, where the powder catching fire rarifies and drives out the bullet 
which kills the Animal ; in all which ations, there is nothing of intention 
or ratiocination to, be aſcrib'd either to the Animal or Engine, but all to 
the ingeniouſneſs of the contriver. | | 

But to return to the more immediate conſideration of our 'Gnat : 
We have in it an Inſtance, not uſual or common,of a very ſtange' a»ph:- 
biors creature, that _— creature that inhabits the Air, does yet pro- 
duce a creature, that for ſome time lives in the water as a Fiſh; though 
afterward (which is as ſtrange) it becomes an inhabitant of the Air, like 
its Sire, in the form of aFly. And this, me thinks, does promptme'to pro- 
poſe certain conjectures, as Queries, having not yet had foffbient Oppor- 
tunity and leiſure to anſwer them my ſelf from my own Experiments 
br Obſervations Js | IT 
. And the firſt is, Whether all thoſe things that we ſuppoſe to be bred 
from corruption and purrifattion, may not be rationally hops to have 
their origination as natural as theſe Gtiats, who, "tis very probable, 
were'firſt' dropt into this Water, in the form of Eggs.: Thoſe Seeds or 


Eggs 
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Eggs muſt certainly be very ſmall, which fo ſmall a creature as a Gnat 
yields, and therefore: we need not wonder that we find not the Eggs 
themſelves, ſome of the younger of them, which I have obſerv'd. havin 
not exceeded a tenth part of the bulk they have afterwards cometo; an 
next, have obſerved ſome of thoſe little ones which muſt have been YEenee 
rated after the Water was incloſed in the Bottle, and thereforemoſt pro- 
bably from Eggs, whereas thoſe creatures have been ſuppos'd tobe bred 
of the corruption of the Water, there being not formerly known any 
probable way how they ſhould be generated. | 

A ſecond is, whether theſe Eggs are immediately dropt into the Water 
by the Gnats themſclves, or, mediately, are brought down by the falling 
rain; for it ſeems not very improbable,but that thoſe ſmall ſeeds of Gnats 
may (being, perhaps, of ſo light a nature, and having fo great a propor- 
tion of ſurface to ſo ſmall a bulk of body) be ejected into the Air, and 
ſo, perhaps, carried for a good while too and fro in it, till by the drops 
of Rain it be waſh'd out of it. 

A third is, whether multitudes of thoſe other little creatures that are 
found to inhabit the Water for ſome time, do not, at certain times, take 
. wing and fly into the Air, others dive and hide themſelves in the Earth, 
and ſo contribute to the increaſe both of the one and the other Element. 


Poſtſcript. 


A good while ſince the writing of this Deſcription, I was preſented by 
Doctor Peter Ba//, an ingenious Member of the Royal Socicty,with a little 
Paper of Nuts, which he told me was ſent him from a Brother of his out 
of the Countrey,from Mumbead in Devonſhire, ſome of them were looſe, 
having been, as I ſuppoſe, broken off, others were ſtill growing faſt on 
upon the fides of a {tick, which ſeem'd by the bark, pliableneſs of it, and 
by certain ſtrings that grew ont of it, to be ſome piece of the root of 
a Tree; they were all of them dry'd, and alittle ſhrivell'd, others more 
round, of a brown colour ; their ſhape was much like a Figg, but very 
much ſmaller,ſome being about the bigneſs of a Bay-berry,others,and the 
biggeſt, of a Hazel-Nut. Some of theſe that had no hole in them, I care- 
fully opened with my Knife, and found in them a good large round white 
Maggot, almoſt as bigg as a ſmall Pea, which ſeem'd ſhap'd ike other 
Maggots, but ſhorter. I could not find them to move, though I gheſs'd 
them to be alive, becauſe upon pricking them witha Pinn, there would 1{- 
ſue out a great deal of white 2#co#5 matter, which ſeem'd to be froma vo- 
luntary contraction of their ſkin ; their huſk or matrix conſiſted of three 
Coats, like the barks of Trees, the outermoſt being more rough and fpon- 
gie, and the thickeſt, the middlemoſt more cloſe, hard, white, and thin, 
the innermoſt very thin,ſeeming almoſt like the ſkin within an Egg's ſhell. 
The two outermoſt had root 1n the branch or ſtick, but the innermoſt 
had no ſtem or proceſs, but was onely a ſkin that cover'd the cavity of 
the Nut. All the Nuts that had no holes eaten in them, I found to con- 

tain theſe Maggots, but all that had holes, I found empty, the Maggots, 
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it ſeems, having eaten their way through, taken wings and flown away, 
as this following account (which 1 recetv d in writing from the ſame per- 
ſon, as it was fent; him by his Brother) manifeſts. 7 a moeriſh black 
Peaty mould, with ſome ſmall veins of whitiſh yellow Sands, upon occaſion 
of digging a bole two or three foot- deep, at the head of a Pond or Pool, to 
ſet @ Tree in, at that depth, were found, about the end of Oltober 1663. i 
thoſe very veins of Sand, thoſe Buttons or Nuts, ſticking to a little looſe 
fick,,: that is, not belonging to any live Tree, and ſome of them alſo free by 
themſelves. 

Four or frve of which being then open'd, ſome were found to contvin 
live Inſet s come to perfetion, moſt like to flying Ants, if not the ſame; in 
others, | Inſetts, yet imperfe&, having but the head and wings form'd, the reſt 
remaining a ſoft white pulpy ſubſtance. 

'.;Now,as this furniſhes us with one odd Hiſtory more,very agreeable to 
what.I before hinted, fo I doubt not, but were men diligent obſervers, 
they might meet with multitudes of the ſame kind, both inthe Earth and 
in the Water, and in the Aig, on Trees, Plants, and other Vegetables, all 
places and things being,as it were,animarum plena.: And T have often, with 
wonder and pleafure,in the Spring and Summer-time, look'd cloſe to,and 
diligently'on, common Garden mould, and in a me {mall parcel of it, 
found ſuch multitudes and diverlſities of little reptiles,ſome in huſks,others 
onely creepers, many wing 'd, and ready forthe Air ; divers huſks or ha- 
bitations left behind empty. Now, if the Earth of our cold Climate be fo 
fertile of animate bodies, what may we think of the fat Earth of hotter 
Climates?: Certainly,the Sun may there, by its activity, cauſe as great a 
parcel of Earth to fly on wingsin the Air, as it does of Water in ſteams 
and vapours, And what ſwarms muſt we ſuppoſe to be ſent out of thoſe 
praal inundations of water which are poured down by the {Juces of 

ain in ſuch vaſt quantities ? So that we need not much wonder at thoſe 
mnumerable clouds of Locuſts with which Africa, and other hot coun- 
tries are ſo peſtred, fince in thoſe places are found all the convenient 
cauſes of their produQion, namely, genitors, or Parents, concurrent re- 
ceptacles or matrixes,and a ſufficient degree of natural heat and moiſture. 

I was going to annex a little draught of the Figure of thoſe Nuts ſent 
out of Devonſhire , but chancing to examine Mr. ParkinJox's Herbal 
for ſomething elſe, and particularly about Galls and Oak-apples, I found 
among no leſs then 24, Gran kinds of excreſcencies of the Oak, which I 
doubt not,but upon examination,will be all found to be the zwatrixes of 
ſo m__y ſeveral kinds of Inſects ; I having obſerv'd many of them my ſelf 
to be ſo,among 24.'ſeveral kinds, I fay,I found one deſcribed and Figurd 
diretly like that which I had by me,the 8cheme is there to be ſeen, the de- 
{cription, becauſe but ſhort, I have here adjoin'd Theatri Botanic trib.16. 
Chap. 2. There groweth at the roots of old Oaks in the Spring-time, and 

Semetimes alſo in the wery heat of Summer, a peculiar kind of Muſhrom or 

Excreſcence, call'd Uva Quercina, ſwelling ont of the Earth, many growing 
one cloſe unto another , of the faſhion of a Grape, and therefore took 
the name , the Oak-Grape, and is of a Purpliſh colour on the. avgfice 
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| and white within like Milk, and in the end of. Summer becometh hard 


and woody. Whether this be the very ſame kind, I cannor affirm, but. 


both the Picture and Deſcription come; yery, neer to that I have, 
but that he ſeems not to take notice of the hollowneſsor Worm, for 
which 'tis moſt obſervable. And therefore 'tis very. likely, if men 
did but take notice, they might find very many differing Species of theſe 
Nuts, Ovaries, or Matrixes, and all of them to have much the ſame 
deſignation and ofhce. And I have very lately found ſeveral kinds of Ex- 
creſcencies on Trees and Shrubs, which having endured the Winter, up- 
on __ them, I found moſt of them to contain little Worms, but 
dead, thoſe things that contain'd them being wither'd and dry. 
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Obſerv. XLIV. Of the tufted or Bruſb-horn'd Gnat: 


His little creature was one of thoſe multitudes that fill our Eghſp 
air all the time that warm weather laſts, and is exa&ly of the ſhape 
of that I obſerv'd to be generated and hatch'd out of thoſe little Inſedts 
that wriggle up and down in Rain-water. But,though many were of this 
form, yet Iobſerv'd others to be of quite'other kinds; nor were all 
of this or the other kind generated out of Water InſeCts; for whereas I 
obſerv'd that thoſe that proceeded from thoſe InſeCfts were at their full 
growth, I have alſo found multitudes of the ſame ſhape,but much ſmaller 
and tenderer ſeeming to be very young ones, creep up and downupon 
the leaves of Trees, and flying up and down in (mall cluſters, in places 
very remote from water; and this Spring, I obſerv'd one day, when the 
Wind was very calm, and the afternoon very fair, and pretty warm, 
though it had for a long time been very cold weather, and the wind con- 
tinued ſtill in the Eaſt, ſeveral ſmall ſwarms of them playing to and fro 
in little clouds in the Sun, each of which were not a tenth part of the 
bigneſs of one of theſe I here have delineated, though very much of the 
fame ſhape, which makes me gheſs, that each of theſe ſwarms might be 
the of-ſpring of one onely Gnat, which had been hoorded up in ſome ſafe 
repoſitory all this Winter by ſome provident Parent, and were now, by 
the warmth of the Spring-air, hatch'd into little Flies. | 
And indeed, fo various, and ſeemingly irregular are the generations or 
produttions of Inſects, that he that ſhall carefully and diligently obſerve 
the ſeveral methods of Nature therein, will have infinitely cauſe further 
toadmire'the wiſdom and providence of the Creator; for not onely the 
ſame kind of creature may be produc'd from ſeveral kinds of ways, but 
the very ſame creature may produce ſeveral kinds: For,as divers Watches 
may be made out of ſeveral materials, which may yet have all the ſame 
appearance,and move after the ſame manner,that is,fhew the hour equally 
true, the one as the other, and out of the ſame kind of matter, like 


Watches,may be wrought differing waysz and,as one and the ſame Watch 
: D d may, 
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may, by being diverſly agitated,or moy'd;by this or that agent, or after 


*+* d 


this or that manner, produce a _ contrary effect : So may it be with 


theſe moſt curious Enginesof Inſet's bodies; the All-wiſe God of Nature, 


may have fo ordered and' diſpoſed the little Automator, that when nou- 
riſhed; afted, or enlivened by this cauſe, they produce one kind of effect, 
or animate ſhape, when by another they act quite another way, and ano- 
ther Animal'is produc'd. 'So may he ſo order ſeveral materials, as to 
make them, by ſeveral kinds of methods, produce fimilar Antomators. 

But to come to the Deſcription of this InſeCt,as it appears through a A;- 
croſcope,of which a repreſentation is made 1n the 28.Scheme. Its head A, ig 
excecding ſmall, in proportion to its body, conſiſting of two cluſters of 
pearl'd eyes BB, on each fide of its head, whoſe pearls or eye-balls are 
curiouſly rang'd like thoſe of other Flies ; between theſe,in the forchead 
of it, there are plac'd upon two ſmall black balls, CC, two long jointed 
horns, tapering towards. the top, much reſembling the long horns of 
Lobſters;'each 'of whoſe ſtems or quills, DD, were briſled or bruſhed 
with multitudes of ſmall ſtiff hairs, iſſuing out every way from the ſeve- 
ral joints, like: the ſtrings or ſproutings of the herb Horſe-tail, which is 
oft obſery'd to grow among Corn, and for the whole ſhape, it does very 
much reſemble thoſe bruſhy Vegetables z beſides theſe, there are two other 
jointed and brifled horns, or feelers, E E, in the forepart of the head, and 
a proboſcis, F, underneath,which in ſome Gnats are very long, ſtreight 
hollow 'pipes, by which theſe creatures are able to drill and penetrate 
the ſkin, and|thence, through thoſe pipes ſuck ſo much bloud asto ſtuff 
their bellies ſo full till they be ready to burſt. | 

This ſmall head, with its appurtenances,is faſtned on by a ſhort neck,G, 
to the middle ofthe thorax, which 1s large, and ſeems caſed with a ſtrong 
black ſhel,H I K, out of the under part of which, iſJue ſix long and {lender 
legs, LLLL LL, ſhap'd juſt like the legs of Flies, but ſpun or drawn out 
longer and {lenderer,which could not be expreſs 'd in the Figure,becaule 
of their great length ; and from the upper part, two oblong, but ſlender 
tranſparent wings, MM, ſhaped ſomewhat like thoſe of a Fly,underneath 
each of which, asI have obſerv'd alſo in divers ſorts of Flies, and other 
kinds of Gnats, was placed a ſmall! body, N, much reſembling a drop 
of ſome tranſparent glutinous ſubſtance, hardned or cool'd, as it was al- 
moſt ready to fall, for it hasa round knob at the end, which by degrees 
grows ſlenderer into a ſmall ſtem.and neer the inſertion under the wing, 
this ſtem again grows bigger 3 thele little Pendulums,as| may ſo call them, 
the litle creature vibrates to and fro very quick when it moves its wings, 
and I have ſometimes obſerv'd it to move them alſo, whilſt the wing lay 
{till, but always.their motion ſeem'd to further the motion of the wing 
ready to follow ; of what uſe they are, asto the moving of the wing, or 
otherwiſe, I have not now time to examine. 

Its belly was large,as it is uſually in all Inſects, and extended into nine 
lengths or partitions, each of which was cover'd with round armed rings 
or thells; fix of which, OP QRS T weretranſparent, and divers kinds 
of Periſtaltick, motions might be very eaſily perceiv'd, whilſt the Animal 

was 
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Was alive, but eſpecially a ſinall cleer white part V, ſeemed to beat like 
the heart of a larger Animal. The laſt three divifios, W X Y; were co: 
ver d with black and opacous ſhells, To conclude, take this creature 
altogether, and for beauty and Curious contrivdnces, it way be compared 
with the Jargeſt Animal upon the Earth. Nor doth the Alwiſe Creator 
ſeem to have ſhewn lets care.and providenee, itvthe fabrick of it, then in 
thoſe which ſeem moſt conſiderable. 7, | 
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' Obſerv. XL V, Of the great Belly d Gnat or female Gnat, 


FT” He ſecond Gnat , delineated in the twenty ninth Scheme, is of a 
very dificring ſhape trom the former;but yet of this fort alſo] found 
ſeveral of the Gnats, that were generated out of the Water Inſe& : the 
wings of this, were much Jarger then thoſe of the other, and the belly 
much bigger, ſhorter 2nd of an other ſhape z and, from ſeveral particu- 
lars, I gheſt it to be the Female Gnat, and the former to be the Male. 
 Thethorax of this. vas much like that of the other, having a very ſtrong 
and'ridged back-piece, which went alſo on either fide of its leggs; about 
the wings there were ſcveral joynted pieces of Armor, which ſeem'd cu- 
rioutly and conveniently contriv d, for the promoting and ſtrengthning 
the motion of the wings:its head was much differing from the other,being 
much bigger and neater ſhapd, and the horns that grew out between his 
eyes on two little baJls, were of a very difiering ſhape from the tufts of 
the other Gnat, theſe having but a few knots or joynts, and each of 
thoſe but a few, and thoſe ſhort and ſtrong, brilles. The formoſt horns 
or feelers, were like thoſe of the former Gnart. 

One of theſe Gnats I have ſuffer'd to pierce the ſkin of my hand, with 
its proboſcis, and thence to draw out as much blood as to hill its belly 
as full as it could hold, making it appear very red and tranſparent 3 and 
this without any further pain, then whil ſt it was ſinking in its proboſcis, as 
it is alſo in the ſtinging of Fleas: a good argument, that theſe creatures 
do not wound the ſkin, and ſuck the blood ont of enmity and revenge, 
but for meer neceſſity, and to ſatisfy their hunger. By what means this 
creature is able to ſuck, we ſhall ihew in another place. 


tm a ————— 


Obſerv. XLVI, Of the white featherwingd Moth or Tined 
Argentea, 


# [ His white long wing d Moth, which is delineated in the 30.8chenres 
afforded a lovely objett both tothe naked Eye,and through a 447- 


pe : ard a ſmall Milk white Fly with four white 
croſcope : to the Eye it appc —_ | Wings 
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-Wings,; the two formoſt fomewhat longer then the two hindermoft, 'and 
'the two ſhorter about haffanſach long, each of which four Wings feem'd 
to conhiſt of two ſmall long Feathers, very curiouſly tufted, or haired on 
teach-fide, with. purely white, and exceedingly fine and ſmall Haires, pro- 
-portion'd to the ſtalks 'or ſtems. out of which they grew, much like the 
tifts of a long' wing-featherof ſome Bird, and their ſta}ksor ſtems 'were, 
like thoſe, bended backwards and downwards, as may be plainly feen by 
the draughts of them in the Figure. 

- Obſerving one of theſe in my Microſcope,l found,in the firſt place, that 
all the Body,Legs, Horns and the Stalks of the Wings, were covered pver 
with various kinds'of curions | white Feathers, which did; with handling 
or touching, eaſily rubb off and fly about, in ſo much that looking on my 
Eingers, with which I had handled this Moth, and perceiving on themlit- 
tle white ſpecks, I found by my A4croſcope, that they were ſeveral of the 
ſmall Feathers of this little creature, that'ſtuck up and down in the r#- 
goſities of my Skin. | 

... Next, found that underneath theſe Feathers, the pretty Inſe& was co- 
vered all over with a cruſted Shel}, like other of thoſe Animals, but with 
one much thinner and tenderer. ; | 

311 Thirdly,' Ifound, as in Birds alſo 1snctable, it had differing and ap- 
propriate kinds of Feathers, that covered ſeveral parts of its body. 
--:Fourthly, ſurveying the parts of its body, with a more accurate and 
better Magnifying Microſcope, I found that the tufts or haires of its Wings 
were nothing elſe but a congeries, or thick ſet cluſter of ſmall vimina or 
twipggs, reſembling a ſmall twigg of Birch, ſtript or whitned, with which 


* Bruſhes are: uſually made, to beat out or bruſh off the duſt from Cloth 


and Hangings. Every one of the twiggs or branches that compoſed the 
Bruſh of the Feathers, appeared in this bloger Magnifying Glafs of which 
E F which repreſents ,7 part of an Inch, is the ſcale, asG is of the leſſer, 
which 1s only 3) like the figure D. The Feathers alſo that covered a 
part of his Body, and were interſperſed among the bruſh of his Wings, 1 
tound,in the bigger Magnifying Glaſs, of the ſhape A, confiſting of a ſtalk 
or {tem in the middle, and a ſeeming tuftedneſs or bruſhy part on each 
ſide. The Feathers that cover'd moſt part of his Body and the ſtalk'of 
his wings, were,in the ſame Aicroſcope, much of the figure B, appearing of 
the ſhape of a ſmall Feather, and $-rey tufted : thoſe which covered 
the Horns and ſmall parts of the Leggs, through the ſame 4/icroſcope, ap- 
pear d of the ſhape C. Whether the tufts of any or all of theſe ſmall 
Feathers, conſiſted of ſuch component particles as the Feathers of Birds, 
I much doubt, becauſe I find that Nature does not alwaies keep, or ope- 
rate after the fame ' method', in ſmaller 'and bigger creatures. -And 
of this, we have particular Inſtances in the Wings of ſeveral creatures. 
For whereas, in Birds of all kinds, it compoſes each of the Feathers of 
which its Wing conſiſts, of ſuch an exceeding curious and moſt admirable 
and {tupendious texture, .as I elſe where ſhew, in the Obſervations on a 
Feather; we find it toalter its method quite, in the fabrick of the Wings 
of theſe minute creatures, conipoſing ſome of thin extended membranes 
or 
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or ſkins, fuch as the Wings of Dragon-flys:; 'in others, thoſe ſkinsate all 
over-grown, or pretty thick beſtuck, with ſhort'briſles,:as in'Fleſh-flies 3 
in others, thoſe filmes are covered, both on the upper and under fide, 
with {mall Feathers, plac'd almoſt like the tyles on a Houſe, and are 
curiouſly 'rang'd and 'adorn'd with moſt lively colours, as is ob- 
ſeryable in Butter-flies, and ſeveral kinds of Moths ;/ In others, inſtead of 
their films, Nature has provided nothing, but a matter of half a ſcore 
ſtalks(tf I well remember the number; for I have notlately met with any 
of theſe flys, and did not,when I firſt obſerv'd them, take ſufficient notice 
of divers particulars) and each of theſe ſtalks, with a few fingle branch- 
ings on each (ide, reſembling much the branched back-bone of a Herring 
or the like Ezſh, or a thin hair'd Peacocks feather, the top or the eye 
being broken off. With a few of theſe on either ſide(which it was able to 
ſhut up or expand at pleaſure, much like aFann, or rather like the po- 
ſture of the feathers in a wing, whichly all one under another, when 
ſhut, and by the {ide of each other, when expanded) this pretty little 
orey Moth (for ſuch was the creatureI obſerv'd, thus wing'd) could ve- 
ry nimbly, and as it ſeem'd very eaſily move its corpuſcle , through the 
Air,trom place to place. Other InfeCts have their wings cas'd, or cover'd 
over, with certain hollow ſhells, ſhap'd almoſt like thoſe hollow Trayes, 
in which Butchers carry meat, whoſe hollow ſides being turn'd down- 
wards, do not only ſecyre their folded wings from injury of the earth, 
in which -moſt of thoſe creatures re{ide, but whilſt they fly, ſerves as a 
help to ſuſtain and bear them up. And theſe are obſervable in Scarabees 
and a multitude of other terreſtrial Wy rs Inſects ; in which we may 
yet further oblcrve a particular providence of Nature. 

Now in all theſe kinds of wings, we obſcrve this particular, as a thing 
moſt worthy remark ; that where ever a wing couliſts of diſcontinued 
parts, the Porcs or zzterſtitia between thoſe patts are very ſeldom, either 
much bigger,or much ſmaller, then theſe which we here find between the 
particles of theſe bruſhes, ſo that it ſhould ſeem to intimate, that the 
parts of the Air are ſuch, that they will not eaſily or readily, if at all, pals 
through theſe Pores, ſo that they ſeem to be ſtrainers fine enough to hin- 
der the particles of the Air (whether hinder'd by their bulk, or by their 
agitation, circulation, rotation or undulation , I ſhall not here determine) 
from getting through them,and,by that means,ſerve the Animal as well.if 
not better, then if they were little films. I ſay, if not better, becauſeT 
have obſerv'd that all thoſe creatures, that have film'd wings, move them 
aboundantly quicker and more ſtrongly,ſuch as all kind of Flies and Sca- 
rabees and Batts, then fuch as have their wings covered with feathers, as 
Butter-flies and Bird$or twiggs, as Moths, which have each cf them a 
much ſlower motion of their wings; That little ruggednels perhaps of 
their wings helping them ſomewhat, by taking better hold of the parts of 
the Air, or not ſuftering them ſo eaſily to paſs by, any other way then one. 

But what ever be the reaſon of it, 'tis moſt evident, that the fmooth | 
wing'd Inſects have the ſtrongeſt Muſcles or movent parts of their wings, 


and the other much weaker; and this very Inſect, we are now CL 
ha 
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d a very {mall therax or middle part of his body, af compar'd tothe 
_ = number of his wings 3 which therefore, as he moy'd them Ves 
ry Fr fowl he move them very weakly. And this laſt propriety do 
ve find ſomewhat obſery'd alſo in bigger kind of Flying creatures Birds ; 
fo that we ſee that the Wiſdom and Providence of the All-wiſe Creator, 
not leſs ſhewn in theſe ſmall deſpicable creatures, Flies and Moths, 
which we have branded with a name of ignominy, calling them Vermine, 
then in thoſe greater and more remakable animate bodies, Birds. 

I cannot here ſtand to add any thing about the nature of flying, 
though, perhaps, on another occaſion, I may fay ſomething on that ak 
as it being ſuch as may deſerve a much more accurate examination and 

crutiny then it has hitherto met with z For tome there ſeems nothing 
wanting tomake a manable to fly, but what my be eaſily enough ſup- 
ply d from the Mechanicks hitherto known, ſave onely the want of 
ſtrength, which the Muſcles of a man ſeem utterly uncapable of, by rea- 
fon of their ſmaineſs and texture, but how even ſtrength alſo may be me- 
chanically made, an artificial Muſcle ſo contriv'd,that thereby a man ſhall 
be able to exert what ſtrength he pleaſes, and to regulate it alſoto his 
own mind, I may elſewhere endeavour to maniteſt. 


— — 
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Obſerv. XLVII. Of the Shepherd Spider, or long lgg'd 
Spider. 


d Carter,Shepherd Spider,or long-legg'd Spider,has, for two parti- 
cularities, very few fimilar creatures that I have met with 3 the firſt, 
which is diſcoverable onely by the Microſcope, and is in the firſt and ſe- 
cond Figxres of the 31. Scheme, plainly deſcrib'd, is the curious contri- 
vance of his eyes, of which (dificring from moſt other Spiders) he has 
onely two, and thoſe plac'd upon the top of a {mall pillar or hillock,riſin 
Qut of the middle of the top of its back, or rather the crown of its head, 
for they were fix'd on the very top of this pillar (which is about the 
heighth of one of the tranſverſe Diameters of the eye, and look'd on in 
another poſture,appear'd much of the ſhape, B CD) The two eyes,: BBB, 
were placedback to back, with the tranſparent parts,or the pupils, look- 
ing towards either fide, but ſomewhat more forward then backwards. 
C was the column or neck on which they ſtood, and D the crown of the 
head out of which that neck ſprung. Fa 
Theſe eyes.to appearance, bonds to be of the very:-ſame ſtructure with 
that of larger binocular creatures, ſeeming to have a very ſmooth and ve- 
ry protuberant Corzea,and in the midſt of it to have a very black pup1l, 
incompaſſed about with a kind of grey ris, as appears by the Frgure 3, 
whether it were able tomove theſe eyes to and fro, Ihave not obſcrv'd, 
bur 'tis not very likely he ſhould, the pillar or neck C, ſeeming to be co- 
verd and ſtiffen'd with a cruſty ſhell; but Nature,in probability,bas _ 
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ply'd that defect, by making the Cornea fo very protuberant, and ſettin 
it ſo cleer above the ſhadowing or obſtructing cf its proſpeCt by the body 
that 'tis likely each eye may perceive,though not ſee diſtin&ly, almoſt 4 
Hemiſphere, whence having ſo ſmall and round a body plac'd upon ſuch 
long leggs, it is quickly able fo to wind, and turn it, as to ſee any thing 
diſtinct. - This creature, as do all other SpidersI have yet examin'd, does 
very much differ from moſt other Inſects in the F igure of 1ts eyes; for 
] cannot, with my beſt Microſcope, diſcover its eyes to be any ways 
knobb'd or pearl'd like thoſe of other Inſects. | 

The ſecond Peculiarity which is obvious to the eye, is alſo very re- 
markable, and that is the prodigious length of its leggs; in proportion to 
its ſmall round body, each legg of this I drew, being above ſixteen times 
the length of its whole body, and there are ſome which have them yet 
longer, and others that ſeem of the ſame kind,that have them a great deal 
ſhorter z the eight leggs are each of them jointed, juſt like thoſe of a 
Crab, but every of the parts'are- ſpun out pxodipjoutly longer in pro- 
portion ; each of theſe leggs are terminated in a ſmall caſe or ſhell,ſhap'd 
almoſt ike that of a Muſle-ſhell, as is evident in the third Figre of the 
ſame Scheme (that repreſents the appearance of the under part or belly 
ofthe creature) by the ſhape of the protuberant conical body, ITII, &c. 
Theſe are as 'twere plac'd or faſten'd on to the protuberant body of the 
Inſect, which 1s to be ſuppos'd very high at M,making a kind of blunt cone 
whereof M is to be ſuppos'd the Apex, about which greater cone of the 
body,the ſmaller cones of the leggs are plac'd,cach of them almoſt reach- 
ing to the top inſo admirable a manner, as does not a little manifeſt the 
wiſdom of Nature in the contrivance; for theſe long Leavers (asI may fo 
call them)of the legs, havingnot the advantage ofa long end on the other 
fide of the hypomochlion or centers on which the parts of the leggs move, 
mult neceſlarily require a vaſt ſtrength to move them, and keep the 
body ballanc'd and ſuſpended, in ſo much, thar if we ſhould ſuppoſe a 
man's body ſuſpended by ſuch a contrivance, an hundred and fifty 
times the ſtrength of a man would-not keep the body from falling on the 
breaſt. To ſupply therefore each of theſe leggs with its proper ſtrength, 
Nature has allow d to eacha large Cheſt or Cell, in which is included a 
very oy and ſtrong Muſcle, and thereby this little Animal 1s not onely 
able to ſuſpend its body upon leſs then theſe eight, but to move it very 
ſwiftly over the tops of graſs and leaves. | | 

Nor are theſe eight leggs ſo prodigiouſly long, but the' ninth, and 
tenth, which are the two claws, K K, are as ſhort, and ſerve in ſteed of a 
proboſcis, for thoſe ſeem'd very little longer then his mouth) each of them 
had three parts, but very ſhort, the joints K K, which repreſented 
the third, being longer then both the other. This creature, ſeems 
(which [ have ſeveral times with pleaſure obſerv'd) to throw its body 
upon the prey, inſteed of its hands, not unlike a hunting Spider, which 
leaps like a Cat at a Mouſe. The whole Fabrick was a very pretty one, 
and could [ have diſlected it,I doubt not but I ſhould have found as ma- 


ny fingularities within it as without, perhaps, for the moſt part,not —_ 
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the parts of a Crab, which this little creature does in many things, very 
much reſemble; the curiolityof whoſe contrivance,I have in another place 
examin'd. I omit the deſcription of the horns, A A, of the mouth, LL, 
which ſeem'd like that of a Crab 3 -the ſpeckledneſs of his ſhell, which 
roceeded from a kind of feathers or hairs, and the hairineſs of his leggs, 
Fs large thorax and little belly, and the like, they being neatbies - 
the Figure 3 and ſhall onely take notice that the three parts of the body, 
namely, the head, breaſt,and belly,are in this creature ſtrangely confus'd 1 
fo that 'tis difficult to determine which is which,as they are alſo ina Crab; 
and indeed, this ſeemsto be nothing elſe, but an Air-crab, being made 
more light and nimble, proportionable to the medium: wherin it reſides ; 
and as Air ſeems to hd one thouſandth part of the body of Water.ſo 
does this Spider ſeem not to be a thoufandth part of the bulk of a Crab. 
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Obſerv. XL VIII. Of the hunting Spider,and ſeveral other ſorts 
of Spiders, 


He hunting Spider is a ſmall grey Spider, prettily beſpeck'd with 

black ſpots all over its body, which the Aficroſcope diſcovers to be a 
kind of feathers like thoſe on Butterflies wings, or the body of the 
white Moth I lately deſcrib'd. Its gate is very nimble by fits, ſometimes 
running, and ſometimes leaping, like a Graſhopper almoſt,then ſtanding 
ſtil], and ſetting it ſelf on its hinder leggs, it will very nimbly turn its 
body, and look round it ſelf every way : It has fix very conſpicuous 
eyes, two looking direGtly forwards, plac'd juſt before ; two other, on 
either ſide of thoſe, looking forward and fide-ways:and two other about 
the middle of the top of its back or head, which look backwards and 
ſide-wards ; theſe ſeem'd to be the biggeſt. The ſurface of them all was 
very black,ſphzrical, purely poliſh'd, reflefting a very cleer and diſtin& 
Image of all the ambient objects, ſuch as a window,a man's hand,a white 
Paper, or the like. Some other properties of this Spider, obſerv'd by the 
moſt accumpliſh'd Mr. Evelyz, 1n his travels in Italy, are moſt empha- 
tically ſet forth in the Hiſtory hereunto annexed, which he was pleas'd 
upon my defire to ſend me in writing. 


Of all the ſorts of Inſe&s, there is none has afforded me 
more divertiſements then the Venatores, which are a ſort of Lupi, 
that have their Denns in the rugged walls, and crevices of our 
houſes ; a ſmall brown and delicately ſpotted kind of Spiders, 
whoſe hinder leggs are longer then the reſt. 

Such I did frequently obſerve at Rome, which eſpying a Fly 


at three or four yards diſtance,upon the Balcony (where 1 ſtood) 
would. 
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would not make dire&ly to her, but craul under the Rail; trill 
being arriv'dtothe Artipodes, 1t would ſteal up, ſeldom miſling 
its aim ; but if it chanced to want any thing of being pertettly 
oppoſite, would at firſt peep, immediatly ſlide down again, till 
taking better notice, it would come the next time exattly upon 
the Fly's back : But, if this hapn'd nor to be withina compe- 
tent leap, then would this Inſe& move ſo ſoftly, as the very 
ſhadow of the Gnomon ſeem'd not to be more imperceptible, 
unleſs the Fly mov d ; and then would the Spider move allo in 
the ſame proportion, keeping that juſt time with her motion.as 
if che ſame Soul had animated both thoſe little bodies ; and 
whether it were forwards, backwards, or to either fide, without 
at all turning her body, like a well mannag'd Horſe : Bur, if 
the capricious Fly took wing, and pitch'd upon another place 
behind our Huntreſs, then would the Spider whirle its body ſo 
nimbly about, as nothing could be imagin'd more ſwift ; by 
which means,ſhe always kept the head towards her prey,though 
to appearance, as immovable, as if it had been a Nail driven 
into the Wood, till by that indiſcernable progreſs (being ar- 
riv'd within the ſphere of her reach) ſhe made a faral leap 
(ſwift as Lightning) upon the Fly, catching him in the pole, 
where ſhe never quitted hold till her belly was full, and then 
carried the remainder home. 1 have beheld them inſtrudting 
their young ones, how to hunt, which they would ſometimes 
diſcipline for not well obſerving ; but, when any of the old 
ones did (as ſometimes) miſs a leap, they would run out. of 
the field, and hide them in their crannies, as aſham'd, and 
haply not be ſeen abroad for four or five hours after;; for ſo 
long have I watched the nature of this ſtrange Inſet, the con- 
templation of whoſe ſo wonderfull ſagacity and addreſs has 
amaz'd me; nor do I find in any chaſe whatſoever, more cun- 
ning and Stratagem obſerv'd :-1 have found ſome of thele Spis 


ders in my Garden, when the weather (towards the Spring) 
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is very hot, but they are nothing ſo cager of hunting as they 
are in Hah. 


There are multitudes of other ſorts of Spiders, whoſe eyes, and moſt 

other parts and properties, are ſo exceedingly different both from thoſe 
E have deſcrib'd, and from one another, that it would be almoſt endleſs, 
at leaſt too long for my preſent Eſlay, to deſcribe them,as ſome with fix 
eyes, plac'd in quite another order 3 others with eight eyes; others with 
fewer, and ſome with more. They all ſeem to be creatures of Prey) and 
to feed on other ſmall Inſects, but their ways of catching them ſeem ver 
differing : the Shepherd Spider by running on his prey 3 the Hunting Spt- 
der by leaping on 1t,other ſorts weave Nets, or Cobwebs, whereby they 
enſnare them, Nature having both fitted them with materials and tools, 
and taught them how to work and weave their Nets, and to. lie per- 
due, and to watch diligently to run on any Fly, as ſoon as ever en- 
tangled. 
Their threadi or web ſeems to be ſpun out of ſome viſcous kind of 
excrement, lying in their belly, which, though ſoft when drawn out, is, 
preſently by reaſon of its ſmalneſs, hardned and dried by the ambient 
Air. Examining ſeveral of which with my 4icroſcope,l found them to ap- 
pear much like white Horſ-hair, or ſome For tranſparent horny ſubſtance, 
and to be of very differing magnitudes; ſome appearing as bigg as a 
Pigg's brifſe, others equal toa Horſs-hair ; other no bigger then a man's 
hair; others yet ſmaller 'and finer. I obſerv'd further, that the radia- 
ting chords of the web were much bigger, and ſmoother thenthoſe that 
were woven round; which ſeem'd fmaller,and all over knotted or pearl d, 
with ſmall tranſparent Globules, not unlike ſmall Cryſtal Beads or ſeed 
Pearls, thin ſtrung on a Clew of Silk ; which, whether they were ſo ſpun 
by the Spider, or by tlie adventitious moiſture of a fogg (whichI have 
obſerv'd to cover all theſe filaments with ſuch Cryſtalline Beads) I will 
not now diſpute. | 

Theſe threads were ſome of them ſo ſmall, that I could very plainly, 
with the Afcroſcope, diſcover the ſame conſecutions of colours as in a 
Priſme, and they ſeem'd to proceed from the ſame. cauſe with thoſe co- 
Jours which I have already deſerib'd in thin plated bodies. 

Much reſembling a Cobweb, or a confusd lock of 'theſe Cylin- 
ders, is a certain white ſubſtance which, after a fogg, may, beigbſerv'd 
to fly up and down the Air; catching ſeveral of theſe, and examining 
them with my 27croſcope, I found them to be 'tnuch of the fathe form, 
looking molt like to a flake of Worſted - prepar'd to be ſpun; though 
by what means they ſhould be generated, or produc'd, is not eaſily 
imagined : they were of the ſame weight, or very little heavier then the 
Air ; and 'tisnot unlikely, but that thoſe great white clouds, that appeat 
all the Summer time, may be of theſame ſubſtance. 7 
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-—— 


= 
oP 
- 


Y; 


Fchem 


MickocRaPHra. 


 ————_—n 


Obſerv, X LIX. Of an Ant or Piſmire, | 


His was a creature, more troubleſom to be:drawn, then any of the 
reſt, for I could not, for a good while, think:of a way to makeit: 
ſuffer its body to ly quiet in a natural poſture; but whilſt 1t was alive, 
if its feet were fetter'd in Wax or Glew , it would ſo' twiſt and wind: its 
body, that I could not any wayes get a good view of it; andif TI killed 
it, its body was folittle, that I did often ſpoile the ſhape of :it; before I 
could throughly view it: for this is the nature | of theſe minute Bodies , 
that as ſoon, almoſt, as ever their life is deſtroy'd; their. parts immediate- 
ly ſhrivel, and boſe their beauty ; and fois it alſo with ſmall. Plants, as 
inſtanced before. in the deſcription of Moſs. And thence alſo is the rea- 
ſon of the variations in the beards of wild Oats, and in thoſe of Muſk- 
graſs feed, that their bodies, being exceeding ſmall, thoſe ſmall variations 
which are made in the ſurfaces of all bodies, almoft upon every' change 
of Air, eſpecially if the body be porous. do here become ſenſible, where 
the whole body is ſo ſmall, that it is almoſt nothing but ſurface; for asin 
vegetable {ubſtances, I ſee no great reaſon to think, that the moiſture of 
the Aire(thar, ſticking to a-wreath'd beard, does make it untwiſt thould 
evaporate, or exhale away, any faſter then the moiſture of other:bodies, 
but rather that the avolation from, or acceſs of moiſture to,.the fartaces 
of bodies being much the ſame , thoſe bodies become moſt ſenſible of it; 
which have the leaſt proportionof body to their: furface. :S0 isit alſo 
with Animal ſubſtances ; the dead:body of an Ant, or ſuch little creature, 
does almoſt inſtantly ſhrivel and-dry, and your objed ſhall -be quite an- 
other thing, before you carhalt delineate it, which proceeds not from the 
extraordinary exhalation, but from the ſmall proportion of body and jut- 
ces, to the uſual drying of bodies in the Air;-eſpecially if warm. : For 
which inconvenience, where I could not otherwiſe remove it, I thought 

of this expedient. ) ts, Wl, 

I: t60k' the creature, I had defign'd to delineate; and put it into a drop 
of very well reQified fpirit of Wine, thisI found would preſently diſpatch, 
as it were; the Animal, and beirig taken out of it, and: lay'd ona paper, 
the Tpirit of Wine would immediately fly away,i and -leavethe Animal 
dry, 1n its natural poſture, or at leaſt, in a conſtitution, that it might eaſt- 
ly witha pin be plac; in what poſture you defiredto draw'it,; andthe 
Imbs would fo remain, without-either moving, or ſhriveling. And thus F 
dealt with this Ant; which I have here delineated, which wasonedf)ma+ 
ny, of avery large kiiid, that inhabited under the Roots of a Tree,:from 
whence they would' ſally out -in great parties, and make moſt gricyous 
havock of the Flowers and Fruits, 'in the ambient Garden, '@ndireturia 
| back again very expertly, by the- ſame wayes andipaths they wenitz(i; _ |! 

It was more then half the bigneſs of: an Earwigy(of a dark brbwn,; 07 
reddiſh colour, with'long legs, onthe hinder ,of iwhich {it would, ſtand 

Ee UP; 
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up,and raiſe its head as high as it could above the ground, that it might 
ſtare the further about it, juſt after the ſame manner asI havealſo ob- 
ſervd a hunting. Spider to do: and putting my linger towards them, 
they have at feſ all rub towardsit,til}almoſt at it 3 and;theh they would 
ſtand round about it, at a certain diſtance, and ſmell, asit were, and con- 
fider whether they ſhould any of them venture any further, till one more 
bold then the reſt venturing to climbit,all the reſt, if I would have ſuffer- 
ed them, would have immediately followed : many \uch other ſceming- 
ty rational ations I have obferv'd in this little Vermine with much plea- 
fre which would be too long to be here related ; thoſe that defire more 
of them may fatisfie their curioſity in Ligers Hiſtory of the Barbadoes. 
Having inſnar'd ſeveral of theſe into a ſmall Box, I made choice of the 
talleſt grown among them, and ſeparating it from the reſt,I gave it a Gill 
of Brandy, or Spirit of Wine, which after a while e'en knock d him down 
dead drunk, ſo that he became moveleſs, though at firſt putting in he 
ſtruggled for a pretty while very much, till at laſt, certain bubbles iſſu- 
ing out-of its mouth, it ceaſed to move; this (becauſe I had before 
found them quickly to recover again, if they were taken out preſently ) 
I ſuffered to lye above an hour in the Spirit; and after I had taken it 
out, and put its body and leps into a natural poſture, remained moye- 
leſs about an hour; but then , upon a ſudden, as if it had been awa- 
ken out of a drunken ſleep, it ſuddenly revivd. and ran away; be- 
ing caught, and ſerv'd as before, he for a while continued ſtruggling and 
ſtriving,till at laſt there iſſued ſeveral bubbles out of itsmouth,and then, 


tanquam animen expiraſſet, he remained movelefs for a gown! while ; but 


at length again recovering, it was again redipt, and ſuffered to lye ſome 
bours in the Spirit 3 notwithſtanding nd, after it had layen dry 
fome three. or tour hours, it again-recovered life and motion : Which 
kind of Experiments, if proſecuted, which they highly deſerve, ſeem 
to me of no inconfiderable ufe towards the invention of the Lutert 
 8cheme,(as the Noble #Ferulam calls it) or the hidden, unknown Texture 
of Bodies. [24 9 erp a | 

Of what Figure this Creature appear'd through the Microſcope ,! the 
32. Scheare ( though not ſo carefully graven as It ought ) will repre- 
ſent to the eye, namely , That it md a large head AA, th WpPper 
end of which were . two protuberant eyes, pearl'd like thoſe. of a Fly, 
but imallerBB ; outof the Noſe,or foremoſt part, iffued two.bgrasCC, 
of a thape ſufficiently differing from thoſe of a blew Fly, though wdeed 
they-ſeem'to be both the ſame kind of Organ, and. to, ſerve or a kind 
of {melting ; beyond theſe were two indented jawsDD, which heo- 
pend fide-wayes, and was able togape them aonder very wide z'and 
the ends of them being armed with teeth, whichmeeting went herween 
each other; it was able'tq graſp and hald a heavy body ,- three.or. four 
times the'bulk and weight of its own body : It had. only fix legs, thap'd 
like thoſe of a Fly, 'which, as I ſhewed before, is an Argument that it 15a 
vinged Inſet, and though I could not perccive,any Ggnof them inthe 
opurtof its body-( which feem'd to conkifiiof three joints or pic- 
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ces EF G, out of which ſprung two legs, yet 'tis known thatthete are 


of them that have long wings, and fly uþ and down in the air; 
The third and laſt part of its body III was bigger and larger then 
the - other two, unto which it was jovnd by a very ſmall middle, and 


had a kind of looſe ſhell, or another diſtin& part of its body H, which 
ſeem'd to be interpos'd, and to keep the thorax and belly from touch- 


ng. 
he whole body was casd over with a ws ſtrong armour, and the 

belly ITT was covered likewiſe with multitudes of ſmall white ſhining 

briſles 3 the legs, horns, head, and middle parts of its body were rr 


with hairs alſo, but ſmaller and darker. 
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Obſery, L. Of the wandring Mite. 


N September and O@ober, 1661. I obſerv'd in Oxford ſeveral of theſe 
1 little pretty Creatures to wander to and fro,and often to travel over 
the plains of my Window. And in September and OFober. 1663. I ob- 
ſervd likewie ſeveral of theſe very ſame Creatures traverſing a window 
at Loxdox,, and looking without the window upon the ſubjacent wall, I 
found whole flocks of the ſame kind running to and froamong the ſmall 
grovesand thicketsof green moſs, and upon the curiouſly ſpreading ve- 
getable blew or yellow moſs, which is a kind of a Muſhrome or Jews- 
car. | 

Theſe Creatures to the naked eye ſeemed to. be a kind of black Mite, 
but much. .nimbler and ſtronger then the ordinary Cheeſe-Mitesz but 
examining themin a Acroſcope , I found them to be a very fine cruſted 
or ſhell'd Inſe&, much like that repreſented in the firſt Figure of the 
three and. thirtieth $chemre, with a protuberant oval ſhell A, indented 
or pitted with an abundance of ſmall pits, all covered over with little 
white briſles, whoſe points all direfted backwards. 
 kKthadeight legs, each of them provided witha very ſharp talloh, or 
clawat the end, which this little Animal, inits going, faftned into the 
pores of the body over which it went. Each of thele legs were beſtuck 


In every. joynt of them with multitudes of fmall hairs, or ( if we re-. 


ſpe the proportion they bore to the bigneſs of the leg ) turnpikes, all 
pomting towards the claws. | 

The Thorax,or middle parts of the body of this Creature, was exceed- 
ing ſmall, in reſpe& both of the head and belly , it being nothing but 
that part which was covered by the two ſhells BB, though it ſeem'd to 
grow thicker underneath: And indeed, if we conſider the great 
variety Nature uſes in proportioning the three parts of the body, 
the Head, Thorax, and Belhy ) we ſhall not wonder at the ſmall pro- 
portion-of this Thorax , nor at the vaſter bulk of the belly, for could 
we exadtly anatoriſe this little Creature, and oblcrve the particular de- 


fens of each part, we ſhould doubtleſs, as we doin all her more ma- 
i nageable 
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nageable and tractable fabricks, find much more reaſon to admire the 
excellency of her contrivance and workmanſhip, then to wonder, it was 
not made otherwiſe. : ; | 

The head of this little Inſet was ſhap'd ſomewhat like a Mite's, that 
is,it had a long ſnout, in the manner of a Hogs, with a knobbed ridge 
running along the middle of it, which was beſtuck on either fide with 
many ſmall briſles, all pointing forward, and two very large pikes or 
horns, which roſe from the top of the head, juſt over each eye, and 

inted forward alſo. It had two pretty large black eyes on either fide 
of the head EE, from one of which I could ſee a very bright refle&tion 
of the window, which made me gheſs, that the Cornea of it was ſmooth, 
like thoſe of bigger Inſefts. Its motion was pretty quick and ſtrong, 
it being able very eaſily to tumble a ſtone or clod four times as big as its 
whole body. 

At the fame time and place, and divers times fince, I have obſerved 
with my 4icroſcope , another little Inſet , which, though I have not an- 
nexed the picture of, may be worth noting, for its ry nimbleneſs 
as well as ſmalneſs; it was as ſmall as a Mite, with a body deep and 
 Tidged, almoſt like a Flea ; it had eight blood-red legs, not very long, 

but {lender; and two horns or feelers before. Its motion was fo x. down. o 
ing quick, that I have often loſt ſight of one have obſerved with my 
naked eye; and though, when it was not frighted, I was able to follow 
the motions of ſome with my Aicroſcope ; yet it it vvere never fo little 
ſtartled, it poſted avvay vvith ſuch ſpeed, and turn'd and vvinded it ſelf 
ſo quick, that I ſhould preſently loſe ſight of it. 

When [ firſt obſerv'd the former of theſe Inſects, or Mites, I began to 
conjecture, that certainly I had found eut the vagabond Parents of thoſe 
Mites we find in Cheeſes, Meal, Corn, Seeds, muſty Barrels, muſty Lea- 
ther, &c. theſe little Creatures, vvandring to and fro every vvhither, 
might perhaps, as they vvere invited hither and thither by the muſty 
{teams of ſeveral putrifying bodies, make their invaſions upon thoſe new 
and pleaſing territories , and there ſpending the remainder of their life, 
which might be perhaps a day, or thereabouts, in very plentiful and rio- 
tous living, might leave their off-ſpring behind them , which by the 
change of the ſoil and Country they now inhabite, might be quite al- 
ter d from the hew of their primogenitors, and, like Mores tranſlated into 
Northern Exropear Climates, after a little time, change both their skin 
and ſhape. And this ſeems yet more probable in theſe Inſefts, becauſe 
that the foil or body they inhabit, ſeemsto be almoſt half their parent, 
for it not only hatches and brings thoſe little eggs, or ſeminal principles, 
to perfection, but ſeems to augment and nouriſh them alſo before they 
are hatch'd or-ſhaped ; forit is obvious enough to be obſerv'd, that the 
eggs of many other Inſetts, and particularly of Mites, are increasd in 
bulk after they are laid out of the bodies of the Inſefts, and plump'd 
ſometimes into many timestheir former bigneſs , fo that the bodies they 
are laid in being, as1t were, half their mothers, we ſhall not wonder that 
it ſhould have ach an aCtive power to change their forms. We find by 


*% relations, 
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HROO ow much ns op ING do beſmeer the of-ſpring of the 
Spaniard, bringing torth ncither white-ſkinn' | 
Nor wn RS [2 nd nor black, but tawny 
Now, rough I propound this as probable, I have not yet been ſofarr 
certify'd by Obſervations as to conclude any thing, either poſitively ox 
negatively,concerning it. Perhaps,ſome more lucky diligence may pleaſe 
the curious Inquirer with the diſcovery of this,to be a truth, which I now 
conjecture, and may thereby give him a ſatisfaftory account of the cauſe 
of thoſe creatures,whole original ſeems yet ſo obſcure, and may give him 
cauſe to believe.that many other animate beings, that ſeem alfo to be the 
mere product of putritaction, may be innobled with a Pedigree as anci- 
ent as the firſt creation, and farr exceed the greateſt beings intheir nu- 
merous Genealogies. But on the other ſide, if it ſhould be found that 
theſe,or any other animate body,have no immediate fimilar Parent,I have 
in another place ſet down a conjeCtural Hypotheſis whereby thoſe Phe: 
nomena may likely enough be folv'd, wherein the infinite wiſdom and 
providence of the Creator is no lefs rare and wonderfull. 


"A 
Obſerv. L 1. Of the Crab-like Iiſef. 


[Exding one day in Septexwb. T chanced to obſerve a very ſmal creature 
creep over the Book I was reading,very ſlowly ; having a Microſcope 
by me;l obſerv'd it to be a creature of a very unuſual form,and that not 
leſs notable ; ſuch as is deſcrib'd in the ſecond Figxre of the 33. 8cheme. It 
wasabour the bignels of a large Mite,or ſomewhat lobgerzit bad teti legs, 
eight of which, A A AA, were topt with veryſharp claws, and were thoſe 
upon which he walk'd, ſeeming ſhap'd niuch like thoſe of a Crab, which 
in many other things alſo this little creature reſembled ; for the two 
other claws,B B, which were the formoit of all the ten,and ſeem'd to grow 
out of his head, like the horns of other Animals, were exactly form'd in the 
manner of. Crabs or Lobſters claws, for they were ſhap'd and jointed 
much like thoſe repreſened in the Scherte,and the ends of themt were fur- 
niſh'd with a pair of claws or pincers,C C,which this little animal did open 
and ſhut at pleaſure : It ſeem'd to make uſe of thoſe two horns or claws 
both for feelers and holders; for in its motion it carried theſe aloft ex- 
tended before, moving them to and fro, juſt as a man blindfolded 
would do his hands when he is fearfull of runting againſt a wall, and if I 
put a hair to it, it would readily take hold of it with theſe claws; 
and ſeetn to hold it faſt. Now, though theſe horns ſeem'd to ſerve him 
for twouſes,namely,for feeling and holding ; yet he feem'd neither blind, 
having two ſmall black ſpots, D D, which by the make of them, and the 
bright reflection from them ſeem'd to be his eyes; nor did it want other 
hands, having another pair of claws, EE, very neer plac'd to its mouth, 
and ſcem'd adjoining to it, : © oP 
The whole body was caſed over with armour-ſhells, as ts uſuall " x 
| thoſe 
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thoſe kinds of cruſtaceous creatures, eſpecially about their bellies, and 
ſeem'd of three kinds; the head F ſeem'd cover with a kind of ſcaly 
ſhell, the thorax with two ſmooth ſhells, or Rings, G G, and the belly 
with eight knobb'd ones. Icould not certainly find whether it had under 
theſe laſt ſhells any wings, but I ſuſpect the contrary ; for I have not found 
any wing 'd InſeCt with eight leggs, two of thoſe leggs being always con- 
verted into wings, and, for the moſt part, thoſe that have but ſix, have 
wings. 

This creature, though I cduld never meet with more then one of 
them, and ſocould not make ſo many examinations of it as otherwiſe I 
would,Idid notwithſtanding,by reaſon of the great curioſity that appear'd 
to me In its ſhape, delineate it, to ſhew that, in all likelihood, Nature had 
crouded together into this very minute Inſet, as many, and as excellent 
contrivances, as into the body of a very large Crab, which exceeds it in 
bulk,perhaps,ſome Millions of times 3 for as to all the apparent parts,there 
is a greater rather then a leſs multiplicity of parts,ceach legg has as many 
parts, and as many joints as a Crabs, nay,and as many hairs or briſles; and 
the like may be in all the other viſible parts; and tis very likely,that the 
internal curioſities are not leſs excellent : It being a general rule in Na- 
ture's proceedings, that where ſhe begins to diſplay any excellency, if 
. the ſubje& be further ſearch'd into, it will manifeſt, that there is not leſs 
curioſity in thoſe parts which our fingle eye cannot reach, then in thoſe 


which are more obvious. 


Obſerv. L 11. Of the ſmall Silver-colour' d Book-worm. 


S among greater Animals there are many that are fcaled, both for 
A ornament and defence, ſo are there not wanting ſuch alſo among the 
lefler bodies of Inſects, whereof this little creature gives us an Inſtance. 
It is a ſmall white Silver-ſhining Worm or Moth, which I found much con- 
verſant among Books and Papers, and is fuppos'd to be that which cor- 
rodes and eats holes through the leaves and covers; it appears to the 
naked eye, aſmall gliſtering Pearl-colour'd Moth,which upon theremov- 
ing of Books and Papers in the Summer, is often obſerv'd very nimbly to 
ſcud, and pack away to ſome lurking cranney, where it may the better 
= it ſelf from any appearing dangers. Its head appears bigg and 

lunt, and its body tapers from it towards the tail, ſmaller and ſmaller,be- 
ing ſhapd almoſt like a Carret. 

— This the Xicroſcopicalappearance will more plainly manifeſt, which ex- 
hibits,in the third Figzre of the 33. Scheme, a conical body, divided into 
fourteen ſeveral partitions, being the appearance of ſo many ſeveral ſhels, 
or ſhields that coyer the whole , every of theſe ſhells are again co- 
verd ortiled over with a umn of thin tranſparent ſcales, which, 
from the multiplicity of their refleing ſurfaces,make the whole Animal 
appear of a perfect Pearl-colour. | 

Which 
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Which,by the way,may hint us the reaſon of that ſo much admired aps 

arance of thoſe ſo highly eſteem'd bodies, as alſo of the like in mother 
of Pearl-ſhells, and in multitudes of other ſhelly Sea-ſubſtances; for they 
each of them conliſting of an infinite number of very thin ſhells: or 1:- 
minated orbiculations, cauſe ſuch mulritudes of refle&ions, that the com- 
poſitions of them together with the reticCtions of others that are fo thin 
as to afford colours (of which I elſewhere give the reaſon) gives a've- 
ry pleaſant reflection of light. And that this is the true cauſe, ſeems likely, 
firſt, becauſe all thoſe ſo appearing bodies are compounded of multitudes 
of plated ſubſtances. And next that,by ordering any traſparent ſubſtance 
after thismanner,the like Phenomena may be produc'd ; this will be made 
very obvious by the blowing of Glals into exceeding thin ſhells, and 
| then breaking them into ſcales, which any lamp-worker will preſently do; 
fora goodquantity of thele ſcales,Jaid ina heap together,have much the 
lame reſemblance of Pearls. Another way, nor leſs inſtruftive and plea- 
fant, is a way which I have ſeveral times done, which is by working and 
tolling,as twere, a parcel of pure cry(talline glais whillt it 1s kept glowing 
hot in the blown flame of a Lamp, tor,by that means,that purely tranſpa- 
rent body will be fo divided into an infinite number of plates, or ſmall 
ſtrings, with interpos'd acrtal plates and fibres, that from the multiplicity 
of the refleCtions from cach of thoſe internal ſurfaces, it may be drawn 
out into curious Pearl-like or Silver wire, which though ſmall, will yet 
be opacous'; the ſame thing I have done, with a compoſition of red Colo- 
phon and Turpentine, and a little Bee's Wax, and may be done likewiſe 
with Birdlime, and ſuch like glutinous and tranſparent bodies : But to re- 
turn to our deſcription. | 

The ſmall blunt head of this Inſe&t was furniſh'd on either (ide of it 
witha cluſter of eyes, each of which ſeem'd to contain bur a very few, in 
compariſon of what I had obſerv'd the cluſters of other Infects ro abound 
with ; each of theſe cluſters were beſet with a row of ſmall brifles, much 
like the ci/7a or hairs on the eye-lids, and, perhaps, they ſerv'd tor the 
lame purpoſe. It had two long horns betore, which were ſtreight, and 
tapering towards the top, curioully ring'd or knobb'd, and brifled much 
like the Marſh Weed, call'd Horſe-tail, or Cats-tail, having at each knot 
a fring'd Girdle,as I may fo call it, of ſmaller hairs, and ſeveral bigger and 
larger briſles,here and there diſpers'd among them : beſides theſe, it had 
two ſhorter horns, or feelers, which were knotted and tring'd, juſt as the 
former, but wanted brilles, and were blunt at the ends; the hinder part 
of the creature was terminated with three tails, in every particular re- 
ſembling the two longer horns that grew out of the head : The leggs of 
It were Fad and hair d much like the reſt, but are not expreſs'd in this 
Figure, the Moth being intangled all In Glew., and ſo the leggs of this 
appear'd not through the Glaſs which looked perpendicularly upon 
the back, | | 

This Animal probably feeds upon the Paper and covers of Books, and 
perforates in them ſeveral ſmall round holes, finding, perhaps, a conve- 


nient nouriſhment in thoſe huſks of Hemp and Flax, which have pats'd 
Ft through 
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h ſo many ſcourings, waſhings,dreflings and dryings, as the parts 
fold Paper ne mainly have Fatfer'd; the digeſtive | Foy ſeems, 
of theſe little creatures being able yet further to work upon thoſe ſtub- 
born parts, and reduce them into another form. yy 

And indeed, when Iconfider what a heap of Saw-duſt or chips this 
little creature (which is one of the teeth of Time) conveys into its in- 
trals. I cannot chuſe but remember and admire the excellent contrivance 
of Nature, in placing in Animals ſuch a fire, as is continually nouriſhed and 
ſupply'd by the materials convey'd into the ſtomach, and fomented by the 
bellows of the lungs; and in fo contriving the moſt admirable fabrick of 
Animals, as to make the very ſpending and waſting of that fire, to be 
inſtrumental to the procuring and collecting more matertals to augment 
and cheriſh it ſelf; which indeed ſeems to be the principal end of all the 
contrivances obſervable in bruit Animals, 


Obſerv. LIITI. Of a Flea, 


T He ſtrength and beauty of this ſmall creature, had it no other rela; 
tion atall to man, would deſerve a deſcription. 

For its ſtrength, the Aficroſcope is able to make no greater diſcoveries 
of it then the naked eye, but onely the curious contrivance of its leggs 
and joints, for the exerting that ſtrength,is very plainly manifeſted, ſuch 
as no other creature, I have yet obſerv'd, has any thing like 1t ; for the 
joints of it are ſo adapted,that he can,as 'twere,fold them ſhort one with- 
in another,and fuddenly ſtretch,or ſpring them out to their whole length, 
that is, of the fore-leggs, the part A, of the 34. Scheme, lies within B, 
and B within C, parallel to, or fide by fide each other; but the parts 
of the two next, lie quite contrary, that is, D without E, and E with- 
out F, but parallel alſo; butthe parts of the hinder leggs, G, H and I, 
bend one within another, like the parts of a double jointed Ruler, or 
like the foot, legg and thigh of a man; theſe fix leggs he clitches up al- 
together, and —_ he leaps, ſprings them all out, and thereby exerts 
his whole ſtrength at once. 

But, as for the beauty of it, the XLicroſcope manifeſts it to be all ovzr 
adorn'd with a curiouſly poliſh'd ſuit of jable Armour, neatly; jointed, 
and beſet with multitudes of _ pinns, ſhap'd almoſt like Porcupine's 
Quulls, or bright conical Steel-bodkins ; the head is on either ſide beau- 
tify'd with a __ and round black eye K, behind each of which alſo 
appears a ſmall cavity, L, in which he ſeems to moye to and fro a cer- 
tain thin film beſet 'with many ſmall tranſparent hairs, which probably may 
be his ears; in the forepart of his head, between the two fore-leggs, he 
has two ſmall long jointed feelers, or rather ſmellers, M M, which have 
four joints,and are par like thoſe of ſeveral other creatures ; between 
theſe, it hasa ſmall proboſcis, or probe, NN O, that ſeems to conſiſt of a 
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Mickockaremia. 


tube N N, and a tongue or ſucker O, which I have petceiv'd him to ſlip 
in-and out. Beſides theſe, it hasalfo two chaps or bitersPP,' which are 
ſomewhat like thoſe of an Ant , but I'could' not perceive thetn tooth'd 3 
theſe were ſhap'd very like the blades of a pair of round top'd Scizers, 
and were opened and ſhut juſt after the ſame manner ; with theſe Thitru- 
ments does this little buſie Creature bite and pierce the ſkin, and'ſuck 
out the blood of an Animal,leaving the kin jnffamed with a ſmall round 
red ſpot. Theſe parts are very difficult to be diſcovered, becauſe, for 
the moſt part, they lye covered between the fore-legs. There are many 
other particulars, which, being more obvious, and affording no 'great 
matter of information, I ſhall paſs by , and refer the Reader tothe Fi- 
gUTre. 7" OW” 


Obſerv. LIV. Of a Louſe. 


His is a Creature ſo officious , that 'twill be known to every one at 

F one time or other, ſo bufie, and ſo impudent, that it will be intru- 
ding it ſelf in every ones company, and fo proud and aſpiring withall, 
that it fears not to trample on the beſt, and affe&ts nothing ſo muchas a 
Crown; feeds and lives very high;- and that makes it ſo ſaucy, asfo pull 
any one by the cars that comes In its way, and will never be quiet till-it 
has drawn blood : it 1s troubled -at nothing ſo- much as at a man that 
{cratches his head, as knowing that 'man is plotting'and contriving fome 
miſchief againſt it, and that makes'it oftentime ſculk into ſome meaner 
and lower place, and run behind a tnans back, thoughit go very much 
againſt the hair; which ill conditions of it having made it better kriown 
then truſted, would exempt me from' making any further deſcription of 
it, did not my faithful Mercury, 'my AMicroſcope,- bring me other infor- 
ration of it. For this has diſcovered to me, by means of a very bright 
light caſt on it, that it is a Creature of a very odd ſhape 3 it hasa head 
ſhap'd like that expreſt in 35. Schexe” marked with A, which ſeems al- 
moſt Conical, but isa little flatted on the upper and under ſides,” at the 
biggeſt part of which, on either ſide-behind the head ( as it were, be- 
ing the place where other Creatures ears ſtand) are placed its two black 
ſhining goggle eyes BB, looking backwards, and fenced round with ſe- 
veral ſmall cilza or hairs that incompaſs it,ſo that it ſeems this Creature 
has no very good foreſight : It does not ſeem to haveany eyelids, and 
therefore perhaps its eyes were ſo placed, that it might the better cleanſe 


them with its fore-legs; and perhaps this may be the reaſon, why they - 


ſo much avoid and run from the light behind them, for being made to 
live in the ſhady and dark receſſes of the hair, and thence probably their 
eye having a great aperture, the-open and clear light, eſpecially that 
of the Sun, muſt needs very much offend them3 'to ſecure theſe eyes 
from receiving any injury from the "hairs through which it pafles, it hag 

2 two 


21T 


A " 
« » 
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two hornsthat grow. before it, in the place where one would have 
thought the eyes ſhould be ;, each of theſe CC hath four joynts, which 
are FAR ed, as 'twere, with ſmall brifles, from which. to the tip. of-its 
ſnout D, the thead ſeems very round and tapering, ending in. a very 
ſharp noſe D, which ſeems to have a ſmall hole, and to be the paſkge 
through which he ſucks the blood. Now whereas if it be plac'd on its 
back, with its belly upwards, as it is in the 35. Scheme, it ſeems infeve- 
ral Poſitions to have a reſemblance of. chaps, or Fa asis repreſented 
in the Figure by EE, yet in other poſtures thoſe dark ſtrokes diſappear ; 
and having kept ſeveral of themin a box for two or three dayes, fo that 
for all that time they had nothing to feed on, Ifound, uponletting one 
creep on my hand, thatit immediately fell to ſucking, and did neither 
ſeem to thruſt its noſe very deep into the ſkin, nor to open any kind of 
mouth, but I could plainly perceive a ſmall current of blood, which 
came dire&ly from its ſnout, and paſt into its belly ; and about A there 
ſeem'd a contrivance, ſomewhat reſembling a Pump. pair of Bellows, or 
Heart, for by a very fwift ſyftole and diaftoke the blood feem'd drawn 
from the noſe, and forced into the body. It did not ſeem at all,though 
[ viewed it a good while as it was ſucking, tothruſt more of its noſe 1n- 
to the fkin then the very ſnout D, nor did it cauſe the leaſt diſcernable 
pain, and yet the blood ſeem'd to run through its head very quick and 
freely, ſo that it ſeems there is no part of the ſkin but the blood is di- 
ſpers'd into, nay, even into the cxticula ;. for had it thruſt its whole noſe 
infrom D to CC, it would not have amounted to the ſuppoſed thick- 
neſs of that tegument,the length of the noſe being not more then a three 
hundredth part of aninch. It hasf1x legs, covered with a very tranſpa- 
rent ſhell, and joynted exaCcly like a Crab's, or Lobſter's; each leg ts 
divided into ſix parts by theſe a , and thoſe have here and there 
ſeveral ſmall hairsz and at the end of each leg it has two claws, ve 
properly adapted for its |” uſe, being thereby inabled to mal 
very ſecurely both on the {kin and hair 3 and indeed this contrivance of 
the feet is very curious, and could not be made more commodioufly and 
compendioully, for performing both theſe requiſite motions, of walking 
and climbing up the hair of a mans head, thenit is : for, by having the 
leſſer claw (a) ſet fo much ſhort of the bigger (b) when it walks on 
the ſkin the ſhorter touches nut, and then the feet are the ſame with 
thoſe of a Mite, and ſeveral other ſmall Infe&s, but by means of the 
ſmall joynts of the longer claw it can bend it round, and fo with both 
claws take hold of a hair, inthe manner repreſented in the Figure, the 
long tranſparent Cylinder FFF, being a Man's hair held by it._  - 

he Thorax ſeem'd cas'd with another kind of ſubſtance then. the bel- 


PE namely, with a thin tranſparent - horny ſubſtance, which 1ipon:the 
ſting of the Creature did not grow flaccid ; through thisI could plain- 
ly ſee the blood, fuck'd from my hand, to be variouſly diftributed,: and 
moy'd to and fro; 'and about G there ſcem'd a pretty big white ſub- 
ſtance, which ſeem'd to be moved within its thorax; beſides, there ap- 
pear'd very many ſmall milk-white veſſels; which aroſt over _ breaſt 
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MicrxocktaPHIA. 
between the legs, out of which, on either ſide, were many ſinall bran- 
chings,thele ſeem'd to be the veins and arteries,for | FU. 
robloodin all Inſe&s ae ot Gap þ analogus 

The belly is covered with a tranſparent ſubſtance likewiſe, b © 
reſembling aſkinthen aſhell, for he graind all overthe mn like 
the'skin m the palms of a ans hand, and when the belly is empty,grows 
very flaccid and wrinkled ; at the upper end of this is placed the ſto- 
mach H H,and perhaps alfo the white ſpot LI may be the liver,or paxcres 
which. by the periſtaltick motion of the guts, isa little mov'd to and fro. 
not with a /3ffole and diaſtole, but rather with a thronging or juſtling 
motion. Viewing one of theſe Creatures, after it had faſted two dayes 
all the hinder part was lank and flaccid , and the white ſpot I hardly 
mov'd, moſt of the white branchings diſappear'd, and'moſt alfo of the 
redneis or ſucked blood in the guts, the periſtaltick motion of which 
was ſcarce diſcernable ; but upon the ſuffering it to fuck, it preſently 
fll'd the ſkin of the belly, and of the fix ſcolop'd emboſments on either 
fide; as full as it could be ſtuft ; the ſtomach and guts were as full as 
they could hold ; the periſta/tick motion of the gut grew quick,and the 
juſtling motton of FI — multitudes of nulk-white veſſels 
ſeem'd quickly filled, and _ , Which were perhaps the veins and ar- 
teries, and the Creature was fo greedy, that though it could not contain 
more, yet it continued ſucking as faſt as ever, and as faſt emptying it ſelf 
behind : the digeſtion of this Creature muſt needs be very quick, for 
though I perceiv'd the blood thicker and blacker when ſuck'd, yet, 
when in the guts, it was of a very lovely ruby colour, and that part of 
it, which was digeſted into the veins, ſeemed white z whence it appears, 
that a further digeſtion of blood may make it milk, at leaft of a reſem- 
bling colour : What 1s elſe obſervable inthe figure of this Creature, may 
be ſeen by the 35. Scheme. 
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Obſerv. LV. Of Mites. 


whereof there are ſome ſo very ſmall , that the fharpeſc ight, un- 
affiſted with Glaſles, isnot able to diicern them, though, being white of 
themſelves, they move on a black and ſmooth ſurface; and the Eggs, 
out of which theſe Creatures ſeem to be hatch'd, are yet ſmaller, thoſe 
being uſually not above a four or five hundredth part of a well goon 
Mite, and thoſe well grown Mites not much above one hun redth 
of an inch in thickneſs; ſo that according to dnt gn, FP may be 
no leſs then a million of well grown Mites contain'd in a cubick inch, and 
five hundred times as many Eggs. 
ng which minuteneſs a gooy Microſcope diſcovers thoſe 


ſmall movable ſpecks to be very prettily ſhap'd Inſects, each of _ 
| ni 


'T leaſt of AeptilesT have hitherto met with, isa Mite, a Creature 


MickoOGRAPHI A. 


niſh'd with eight well ſhap'd and proportion'd legs, which are each' of 
them joynted or bendable in eight ſeveral places, or joynts, each of 
which is covered, for the moſt part, with a very tranſparent ſhell, and 
the lower end of the ſhell of each joynt is fringed with ſeveral ſmall 
hairs 3 the contrivance of the joynts ſeems the very ſame with that of 
Crabs and Lobſters legs, and like thoſe alſo, they are each of them ter- 
minated - with a very =p claw or point ; four of theſe legs are fo pla- 
ced, that they ſeem to draw forwards, the other four are placed 'in a 
uite contrary poſition , thereby to keep the body backwards when 
; wn 1s occaſion. Er 
The body, as in other larger Inſects, confiſts of three regions or 
parts3 the hinder or belly A, ſeems covered with one intire ſhell , the 
middle, or cheſt, ſeems divided into two ſhells B C. which running one 
within the other, the Mite is able to ſhrink in and thruſt out as it finds 
occaſion, as it can alſo the ſnout D. The whole body is pretty tranſpa- 
rent, ſo that being look'd on againſt the light, divers motions within its 
body may be perceived ; as alſo all the parts are much more plainly de- 
lineable, then in other poſtures, to the light. The ſhell, eſpecially that 
which covers the back. is curiouſly poliſht, ſo that 'tis eaſie to ſee, asin a 
convex” Looking-glaſs, or foliated Glaſs-bal}, the piQture of all the ob- 
jets round about ; up and down, in ſeveral parts of its body, it has ſe- 
veral ſmall long white hairs growing out of its ſhell , which are often 
longer then the whole Doo: and are repreſented too ſhort in the firſt 
and-ſecond Figures; they ſeem all pretty ſtraight and plyable, fave only 
two upon the fore-part of its body, which ſeem to be the horns, as may 
be ſeenin the Figures; the firſt whereof isa proſpett of a ſmaller ſort of 


Mites ( which are uſually more plump ) as it was paſſart to and fro; the 
ſecond is the proſpect of one fixt on its tail ( by means of alittle mouth- 
glew rub'd on the object plate) exhibiting the manner of the growing of 
the legs, together with their ſeveral joynts. 

This Creature 1s very much diverlity'd in ſhape, colour, and divers 
other properties, _— to the nature of the ſubſtance out of which 


it ſeems to be ingendred and nouriſhed, being in one ſubſtance more long, 
In another more round, in ſome more hairy, in others more ſmooth, in 
this nimble, in that ſlow, here pale and whiter, there browner, blacker, 
more tranſparent, &c. I have obſerved it to be refident almoſt on all 
kinds of fubſtances that are mouldy, or putrifying, and have ſeen it very 
nimbly meſhing through the thickets of mould, and ſometimesto-lye 
dormant underneath them; and 'tis not unlikely, but that it may feed on 
that vegetating ſubſtance , portaneons Vegetables ſeeming a food proper 
enough for ſpontaneous Animals, | CEE OOISTS 2300 
But whether indeed this Creature, or any other, be ſuch or not. Ican- 
not poſitively, from any Experiment, or Obſervation, I have yet' made; 
determine. But,asT formerly hinted, it ſeems probable, that ſomie kind 
of wandring Mite may ſow, as *twere, the firſt ſeeds, or lay the firſt eggs, 
in thoſe places, which Nature has inſtra&ed them to know convenient 
for the hatching and nouriſhing their young 3 and though perhaps the 
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prime- Parent might be of a ſhape very differing from what the of 
ſpring, after a little while, by reaſon of the ſubſtance they feed on, or 
the Region ( as 'twere ) they inhabite z yet perhaps even one of theſe 
alter d progeny, wandering again from its native foil, and lighting on by 
chance the ſame place from whence its prinie Parent came, and there ſet- 
tling ,. an@ planting, may produce a generation of Mites of the ſame 
ſhapes and properties with the firſt wandring Mite : And from ſame ſuch 
accidents astheſe, I am very apt to think, the moſt ſorts of Animals, ge- 
nerally accounted ſportemeous , have their origination, and all thoſe va+ 
rious forts of Mites, that are to be met with up and down in divers pus 


trifying ſubſtances, may perhaps be allof the ſame kind, and have ſprung 
from one and the ſame fort of Mites at the firſt; 


rr o—__ — 
—— 


Obſerv. LVI. Of a ſmall Creature hatch'd on a Vine. 


Here is, almoſt all the Spring and Summer time, a certain ſmall, 
- round, white Cobweb, as 'twere, about the bigneſs of a Pea,which 
ſticks very cloſe and faſt to the ſtocks of Vines nayl'd againſt a warni 
wall : beingattentively viewed,they ſeem cover'd, upon:the upper fide 
of them, with a ſmall husk, not unlike the ſcale, or ſhell of a Wood- 
louſe, or Hog-louſe, a ſmall Infect uſually found about rotten wood, 
which upon touching preſently rouls it ſelf into the form of a pepper 
corn : Separating ſeveral of theſe from the ſtock, I found them, with 
my 4/eroſcope, to conliſt of a ſhell, which now ſeemed more likely to be 
the huſk of one of theſe Inſe&s : And the fur ſeem'd a kind of cobweb, 
conſiſting of abundance of ſmall filaments, or ſleaves of cobwebs. In 
the midit of this, 1f they were not hatch'd,and run away betore, the time 
of which hatching was uſually about the latter end of J=xe, or begin» 
ning of Fly, Thave often found abundance of ſmall brown Eggs, ſuch 
as AandB in the ſecond Figure of the 36. Scheme, much about the big- 
neſs of Mites Eggs; and at other times, multitudes of ſmall Inſects, ſha- 
ped exaQtly like that in the third Figure marked with X. Its head large, 
almoſt half the bigneſs of its body , which is uſual in the fetzs of moſt 
Creatures. It had two ſmall black eyes 4 a, and two ſmall long joynted 
and briſled horns þ b. The hinder part of its body ſeem'd to confilt of 
nine ſcales, and the laſt ended ina forked tay], much like that of a Cz- 
tio, or Wood-louſe, out of which grew two long hairs; they ran to 
and fro very ſwiftly, and were much of the bigneſs of a common Mite, 
but ſome of them leſs : The longeſt of them ſeem'd not the hundredth 
part of an inch, and the Eggs uſually not above half asmuch, They 
ſeemed to have fix legs, which were not viſible in this I have here deline- 
ated, by reaſon they were drawn under its body. 
If theſe Minute creatures were Wood-lice(as indeed from their own ſhape 
and frame, the ſkin,or ſhell,that grows on them,one may with ——_— 
ability 
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bability gheſs,) it7affords us an Inſtance, whereof perhaps there are not 
many like in Nature,and that is,of the prodigious increaſe of theſe Crea- 
tures.after they are hatch'd and run about :for a common Wood-louſe,of 
about half an inch long, isno leſs then a hundred and twenty five thou- 
fand times bigger then one of theſe, which though indecd it ſeems very 
ſtrange, yet I have obſerved the young ones of ſome Spiders have almoſt 
kept the ſame proportion to their Dam. 

This, methinks, if it be ſo, does in the next place hint a Quzry,which 
may perhaps deſerve a little further examination : And thar is, Whether 
there be not many of thoſe minute Creatures,ſfuch as Mites, and the like, 
which, though they are commonly thought of otherwiſe, are only the 
pully, or (_ of much bigger InſeCts, and not the generating, 
or parcnt Inſect, that has bs thoſe Eggs 3 for _ many times ob- 
ſerv'd thoſe Eggs, which uſually are found in great abundance where 
Mites are found , it ſeems ſomething ſtrange, that ſo ſmall an Animal 
ſhould bavean Egg ſo big in proportion to its body. Though on the 
other fide, I muſt confeſs, that having kept divers of thoſe Mites incloſed 
ina box for a good while, I did not find them very much augmented be- 
yond their uſual bigneſs. 

What the husk and cobweb of this little white ſubſtance fhould be, I 
cannot imagine, unleſs it be, that the old one, when impregnated with 
Eggs, ſhould there ſtay, and fix itſelf on the Vine, and dye, and all the 
body by degrees ſhould rot, fave only the husk, and the Eggs in the bo- 
dy : And the heat, or fire, as it were, of the approaching Sun-beams 
ſhould vivifie thoſe Relifts of the corrupted Parent , and out of the 
aſhes, as 'twere, ( asit is fabled of the Phenix ) ſhould raiſe a new off- 
ſpring for the perpetuation of the ſpecies. Nor will the cobweb, as it 
were, in which theſe Eggs are inclos'd, make much againſt this Conje- 
- ture 3 for we may, by thoſe cobwebs that are carried up and down the 
Airafter a Fog (which with my A2:croſcope I have diſcovered to be made 
up of an infinite company of ſmall filaments or threads) learn, that 
ſuch a texture of body may be otherwiſe made then by the ſpinning of 


a Worm. 


Obſerv. LVII. Of the Eels in Vinegar. 


F theſe ſmall Eels, whichare to be found in divers ſorts of Vine- 
gar, I have little to add beſides their Picture, which you may 

find drawn in the third Figure of the 25. Scheme: That is, they were 
ſhaped much like an Eel, ſave only that their noſe A, ( which was a lit- 
tle more opacous then the reſt of their body ) was a little ſharper, and 
longer, in proportion to their body, and the wrigling motion of their 
body ſeem'd to be onely upwards and downwards, whereas that of 


Eels is onely fide wayes : They ſeem'd to have a more opacous part 
about 
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about B, which might, perhaps, be their Gills; it ſeetning always the ache 
proportionate diſtant from their noſe, from which, to the tip of their 
_ Cu _—_— tO taper, 

aki ral of theie out of thcir Pond of Vinegar, by the net of 4 
{mall piece of filtring Paper, and laying them 5 fmooth Glag 
plate, found that they could wriggle and winde their body, as much 
almoſt as a Snake, which made me doubr, whether they were a kind of 
Eal or Leech. 

[ thall add no other obſervations made on this minute Animal, being 
prevented herein by many excellent ones already publah'd by the inge- 
nious, Dottor Power, among his Microſcopicel Obſervations, ſave onely 
that a quantity of Vinegar repleat with them being included is a ſmall 
Viol, and ftop'd very cloſe from the ambient air, all the included Worms 
in a veryſhort rime died, as if they had been ſtifted. 

And that their motton ſeems (contrary to what we may obferve inthe 
motionod all other Infetts) exceeding flow. But the reaſon of it ſeems 
plain, for being to move to and fro after that manner which they do, by 
waving onely, or wrightng their body; the tenacity, or ghatinouſneſs, 
and the or refi{tance of the fluid wediuar becomes fo exceeding 
ſenſible to therr extremely minute bodics,that it is to me indeed a greater 
wonder that they move ther fo faſt as they do,then that they move thery 
no faſter. For a vaſtly greater proportion have they of their fuper- 
ficies to therr bulk, then Ecls or other hrger Fifhes, and next, the tena- 
city and denſity of rhe liquor being much the fame to be moved. both. by 
the one and the other, the reſiftance or impediment thence arifing 19 
the motions made through it, muſt be almoſt infinitely greater to the 
ſma}} one then to the great. This we find experimemally verify d mthe 
Air, which thougha zed:wze a thouſand times more rarity d them the wa- 
ter,the reſiftance of it to motions made through it,js yetlo ſenhible ta ve- 
ry minute bodies.that 2 Down-feather(the leatt of whoſe parts ſeem yet 
bigger then theie Ecls, and many of them alnolt incomparably bugger, 
fuch asthequal} and ſtalk) ts fuſpended by i, and carried toand froas if 
it had no weight. 


— 


Obſerv. LVIII. Of a new Property in the Air, and ſeueral other 
tranſparent Mediams nam'd Infletion, whereby very many con- 
pderable Phenomena are attempted to be fold, and divers ather 
| - tes are hinted, 

Incethe Invention (and perfethiog in fame meaſirre? of Te/gcopes, it has 
& been obſerv'd by fever}, that the Snn and Moon neer the Horizon, 
are disfigur'd. ( long that exadtiy-ſmooth terminating circular limb, 
which are oblcrv'd to have akon fruated neerer the Zenith) and 

axe tr with ancdge every way (celpeciaily upon the zight and left 
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fides) ragged and indented like a Saw : which inequality of their limbs, I 
have further obſerv'd, not to remain always the ſame, but to beconti- 
nually chang'd by a kind of fluctuating motion, not unlike that of the 
waves of the Sea; fo as that part of the limb, which was but even now 
nick'd or indented in, is now protuberant, and will preſently be ſinking 
apain ; neither is this all, but the whole body of the Luminaries, do in the 
Teleſcope, ſeem to be depreſs'd and flatted, the upper,and more eſpecially 
the underſide appearing neerer to the middle then really they are,and the 
right and left appearing more remote:whence the whole Area ſeems to be 
terminated by a kind of Oval.lt is further obſerv'd,that the body,for the 
moſt part, appears red, or of ſome colour approaching neer unto it, as 
ſome kind of yellow ; and this I have always mark'd, that the more the 
limbis flatted or ovalled,the more red does the body appear, though not 
always the contrary. It is further obſervable, that both fix'd Stars and 
Planets, the neerer they appear to the Horizon, the more red and dull 
they look, and the more they are obſerv'd to twinkle ; in ſo much, that 
I have ſeen the Dog-ſtarr to vibrate ſo ſtrong and bright a radiation of 
light, as almoſt to dazle my eyes, and preſently, almoſt to diſappear. 
It is alſo obſervable, that thoſe bright ſcintillations neer the Horizon, are 
not by much ſo quick and ſudden 1n their conſecutions of one another, as 
the nimbler twinklings of Stars neerer the Zenith. This 1s alſo notable, 
that the Starrs neer the Horizon, are twinkled with ſeveral colours; fo as 
ſometimes to appear red,ſometimes more yellow,and ſometimes blue,and 
this when the Starr is a pretty way elevated above the Horizon. I have 
further, very often ſeen ſome of the {mall Starrs of the fifth or fixth ma- 
gnitude, at certain times to diſappear for a ſmall moment of time, and 
again appear more conſpicuous, and with a greater luſter. I have ſeveral 
times, with my naked eye, ſeen many ſmaller Starrs, ſuch as may be call'd 
of the ſeventh or eighth magnitude to appear for a ſhort ſpace, and then 
vaniſh, which, by directing a ſmall Teleſcope towards that part they ap- 
pear'd and diſappeard in; I could preſently find to be indeed ſmall Starrs 
ſoſituate.asT had ſeen them with my naked eye, and to appear twinkling 
like the ordinary viſible Stars; nay, in examining ſome very notable parts 
of the Heaven,with a three foot Tube , me thought Inow and then, in 
ſeyeral parts of the conſtellation, could perceive little twinklings of 
Starrs, making a very ſhort kind of apparition,and preſently vaniſhing, 
but noting diligently the places where they thus ſeem'd to-playatboe 
peep, Imade uſe'of a very good twelve foot Tube, and with that .it was 
not unealie to ſce thoſe, and ſeveral other degrees of ſmaller, Starrs,, and 
fome ſmaller yet, that ſeem'd again to appear and diſappear; and theſe 
alſo by giving the ſame Object-glaſs a much bigger aperture, ;I\could 
plainly and conſtantly ſee appear in their former places; ſo that Thave 
obſerv'd ſome twelve ſeveral magnitudes of Starrs leſs then thoſe of the 
ſx magnitudes commonly recounted in the Globes. 11990 © 
It has been obſervd and confirm'd by the accurateſt Obſervati- 
ons of the beſt of our modern Aſtronomers, that all the' Luminous bodies 


appear above the Horizon, when they really are below it. So that the 
Sun 
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Sun and Moon have both been ſeen above the Horizon, whilſt the Mooti 
has been in an Eclipſe. I ſhall not here inſtance in the great refra&tivns; 
that the tops of high mountains, ſeen at a diſtance, have been found'to 
have 3 all which ſeem to argue the Horizontal refrattion, much greater 
then it is hitherto generally believ'd. ED Se 
I have further taken notice; that not onely the Sun, Moon and Starrs; 
and high-tops of mountains have ſuffer'd theſe kinds of reftaGtion, bus 
Trees, and ſeveral bright Objects on the ground : I have often taken nos 
tice of [the twinkling of the refleCions of the Sun from a Glaſs-window 
at a good diſtance, and ofa Candle in the night, but that is not-fo cons 
{picuous.and in'obſerving the ſetting Sun, have often taken notice of the 
tremulation'of the Trees and Buſhes, as well as of the edges of the Sung 
Divers of theſe Pheromena have been taken notice of by ſeveral, who 
havegiven ſeveral reaſons of them, but I have not yet met with any alto- 
gether ſatisfactory, though ſome of their conjequres have been w 
true,but parly allo falſe.vetting my ſelf therfore upon the inquiry of theſe 
Phenomena, | firſt endeavour'd to be very diligent in taking notice of 
the ſeveral particulars and circumſtances obſervable in them 3; and next; 
in making divers particular Experiments, that might cleer ſome doubts; 
and ſerve to determine, confirm, and illuſtrate the true and adzquate 
cauſe of each ; and upon the whole, I find much reaſon to think. that 
the true cauſe of all theſe Phenomena is from the izfleFion, or immltz3 
plicate refraGion of thoſe Rays of light within the body of the Atmoſphere; 
and that it does not proceed from a reſradion caus'd by any terminating 
ſuperficies of the Air above, nor trom any ſuch exactly detin'd ſuperfities 
within the body of the Atmoſphere. 3:95 0 nt 
This Concluſion is grounded upon theſe two Propoſitions: + 
Firſt, that a medium, whole parts are unequally dexſe, and mov'd by 
various motions and tranſpoſitions as to one another, wilt produce all 
theſe viſible effefts upon the Rays of light, without any other coefficzent 
cauſe. EE 
Secondly, that there is in the Air or Atmoſphere, ſuch a'variety in the 
conſtituent parts of it, both as to their dexſity and rarity, and: as to ther 
divers mutations and poſitions one to another. Fitch Bf 20806 f 
By Dexſity and Karity, Tunderſtand a property of a tranſparent body; 
that does either more or leſs retract a Ray of light (conmng'obliquely 
upon its ſuperticies out of a third medium) toward its perpendicular rAs 
I call Glaſs a more denſe body then Water, and Water a more rare body 
then Glaſs, becauſe of the retra&tions (more or leſs' detjecting rowards the 
perpendicular). that are made inathem, of a Ray of light out of the Air 
that has the ſame inclination upon either of their ſuperficies. \ 
Soas to the buſineſs of Refraction, ſpirit of Wine is a more denſe body 
then Water,it having been found by an accurate Inſtrument that meaſures 
the angles of Refractions to: Minutes that forthe ſame retracted: angle of 
30: 00' in both thoſe Xedinms, the angle' of incidence, in Water wag 
but 412. 3'5- but the angle of the incidence in the'trial-with ſpirit-of 
Wine was 42*- 45'. But as togravity, Waters 4 move dexſe/body then 
| Gg 2 ſpirit 
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;Irit of Wine, for the proportion of the ſame Water, to the ſame very 
well re&Hy'd ſpirit of Wine was, as 21. to 19. 
-.: 6 as toRefraction, Water is more Denſe” then Ice; forT have found 
bya molſt'certain Experiment, which I exhibited before divers i[luſtrions 
Perſons of the Royal Society, that the Refrattion of Water was greater 
then that of Ice; though ſome conſiderable Authors have afiirm'd the con- 
traty, and-though the Ice be a very hard, and the Water a very fluid 


of That the former of the two preceding Propoſitions is true,may be ma- 
nifeſted by ſeveral Experiments:As firſt,if you take any two liquors ditter- 
ing fromone another in denſity, but yet ſuch as will readily mix:as SaltWa- 
ter;orBrine,$ Freſh;almoſt any kind of Salt difloly'd in Water,and filtra- 
ted, ſo that it be cleer,ſpirit of Wine and Water; nay, ſpirit of Wine,and 
ſpirit of Wine, one more bighly reCtity d then the other, and very many 
other \[iquorsz if{Ifay) you take any two of theſe liquors, and mixing 
them in a Glaſs Vio), againſt ove ſide of which you have tix'd or glued a 
fnall round piece of Paper, and ſhaking them well together (ſo that the 
partsof themmay be ſomewhat diſturb'd and move up and down)you 
endeavour to ſee that round piece of Paper through the body of the li- 
quorsz youſball plainly perceive the Figure to wave, and to be indented 
much after the ſame manner as the limb of the Sun through a Teleſcope 
ſeemsto be,ſave onely that the mutations here,are much quicker. And if, 
in:ſteed of this bigger Circle, you take a very ſmall ſpot, and faſten and 
view it as the former, you will find it to appear much like the twinkling 
of theStarrs, though much quicker : which two P-Aeromena (tor I ſhall 
take notice of no more at preſent, though I could inſtance in multitudes 
of others) - muſt neceſlarily be caus'd by an 7zfleFior of the Rays within 
the terminating ſuperficies of the compounded wedixr, fince the ſurfaces 
6fthe tran{parent body through which the Rays pals to the eye, are not 
atsll altered or chang d. 
This 7fleF:oz (ifT may fo call it) I imagine to be nothing elſe, but a 
mltiphlicate reffaG&ion, cauſed by the unequal derſtty of the conſtituent 
s of the avediner , whereby the morion, aCtion or progreſs of the Ray 
of light 1s hindred from proceeding in a ſtreight line, and infleted or de- 
felicd by a carve. Now, that it is a curve line is manifeſt by this Expe- 
riment : Itook-a Box,ſuch as AD GE, in the firſt Figare of the 37.Scheme, 
whoſe! fides ABCD,'and;, EF GH, were made of two ſmooth flat 
plates of Glaſs, then filling, it half full with a very ſtrong ſolution of 
Salt, I filled; the other half. with very fair freſh water, then expoſing 
the opacous ſide, D HG ©, 'to the Sun, Iobferv'd both'the reffra@ior and 
infleFion of the Sun beams,ID & K H, and marking as exactly as [ could, 
the points, P,,N, O,M, by which the Ray, K H, paſſed through the com- 
pounded meddmmm, I found them to bein a carve line; for the parts of the 
#earnm being continually; mote denſe. the meerer they were to the bot- 
tom, the Ray: pF; was:continually more and more d downwards 
Thus ldflecion: may be mechanically explained,. cither: by Monſieur 
Fr) QI Des 
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Des Cartes principles,by conceiving the Globuls of the third Elenient ts 
find leſs and leſs refiſtance againft that fide of them which is downwards, 
or by a way, which I havefurther explicated in the Inquifition about Co- 
lours, to-be from an obltquation of the pulſe of light, whence the ruder 
part is continually promoted, and contequently refrated towards the 
perpendicular, which cuts the Orbs at right angles. What the particu- 
lar Figure of the Carve {ne, deicrib'd by this way of light, is, I thall not 
now ſtand to examine, eſpecially tince there may be fo many forts of it as 
there may be varieties of the Poſitions of the intermediat degrees of dew- 

ſty and/rerity between the bottom and the top of the infleting Medium. 

I could produce many more Examples and Experiments, to illuſtrate 
and prove this firſt Propoſition, viz. that there is ſuch a conſtitution of 
ſome bhedics as will caule inflection. As not to mention thoſe I have ob- 
ferv'd :in Here, Tortoiſe-ſhell, tranſparent Gums, and reſinows Snbftances : 
The ve/zs of Glas, nay, of melted Cryſtal, found, and much complained 
of by Glaſs-grinders, and others, might ſufficiently demonſtrate the 
truth of tit to any diligent Obſervator. 

But that, I preſume, I have by this Example given proof ſufficient 
( viz. oerler demonſtration) to evince, that there 18 ſuch a modulation, 
or bending. of the rayes of light, as I have eall'd izfleftiez, differing 
both from refledion, and refra&7zor (fince they are both made in the ſu- 
perficies, this only in the middle ); and likewiſe, that this is able or ſuf- 
ticient to produce the etteCts I have aſcribed to it. 

It remains therefore toſhew , that there is ſuch a property in the Air, 
and that it is ſufficient to produce all the above mentioned Phenomena, 
and therefore may be the principal, it notthe only cauſe of them. 

Firſt, That there isfuch a property, may be proved from this, that the 
parts of the Air are {ome of them more condens'd, others more rarified, 
either by the differing heat, or ditfering preſſure it ſuſtains, or by the 
ſomewhat heterogeneous vapours interſpersd through it. For as the Air 
is more or leſsraritied, ſo does it more or leſs refract a ray of light ( that 
comes out of a denſer medium) from the perpendicular. This you may 
find true, 1f you make tryal of this Experiment. | 

Take a ſmall Glaſs-bubble, made in the form of that in the ſecond 
Figure of the 37. Scheme, and by heating the Glaſs very hot, and there- 
by very. much rarifying the included Air, or, which 1s better, by rarify- 
ing a ſmall quantity of water, included in it, into vapours, which wall 
expel the moſt part, if not all the Air, and thenſealing up the ſmall 
neck of it; and letting it coo), you may find, if you place it in a conve- 
nient Inſtrument. that there will be a manifeſt difference, as to the refra- 
ction. 

As if inthis ſecond Figure you ſuppoſe A to repreſent a ſmall fight or 
hole, through which the eye looks upon an object, as C, through the 
Glaſs-bubble B, and the ſecond fight L 3 all which remain exactly fixt 
in their ſeveral places, the obje&t C being fo cized and placed, that it 
may juſt ſeem to touch the upper and under edge of the hole L : and 
ſo all of it be ſeen through the ſmall Glaſs-ball of rarified Air Ow 
| breaking 
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breaking off the ſmall ſeal'd neck of the Bubble ( without at all ſtirring 
the fights, objec, or glaſs) and admitting the external Air, you will 
find your ſelf unable to ſee the utmoſt ends of the object; but the termi- 
nating-rayes AE and AD ( which were before retracted to G and F 
by the rarified Air ) will proceed almoſt dire&ly to and H ; which al- 
teration of the rayes. (ſeeing there is no other alteration made in the 
Organ by which the Experiment istryed, fave only the admiflion, or ex- 
cluſfion-of the condens'd Air ) muſt neceſſarily be cauſed by the variation 
of the medium contain'd in the Glaſs B; the greateſt difficulty in the ma- 
king of which Experiment, is from the uneven ſurfaces of the bubble, 
which will repreſent an uneven image of the objett. 

Now.that there is fuch a difference of the upper and under parts of the 
Air.is.clear enough evinc'd from the late improvement of the Torrice//iaz 
Experiment, which has been tryed at the _ and feet of Mountains; 
and may be further illuſtrated , and inquired into, by a means, which 


ſome whiles fince I thought of, and us'd, for the finding by what degrees 
the Air paſſes from ſuch a degree of Denſity to ſuch a degree of Rarity. 
And another, for the finding what preſſure was requiſite to make it pals 
from fuch a degree of RarefaCtion to a determinate Denſity : Which 
Experiments, becauſe they may be uſeful to illuſtrate the preſent Inqui- 
ry, [ſhall briefly deſcribe. 


I took then a ſmall Glaſs-pipe A B, about the bigneſs of a Swans quill, 
and abour four foot long. which was very equally drawn, ſo that, as far 
as I could perceive, no one part was bigger then another : This Tube 
( being-open at both ends) I fitted into another ſmall Tube DE, that 
had a ſmall bore .juſt big enough to contain the ſmall Pipe, and this was 
ſeal'd up at one, and open at the other, end; about which open end [ 
faſtned a ſmall wooden box C with cement, fo that filling the bigger 
Tube, and part of the box, with Quickſilver, T could thruſt the ſmaller 
Tube into it, till it were all covered with the Quickſilver : Having thus 
done, I faſtned my bigger Tube againſt the fide of a wall , that it might 
ſtand the ſteadier , and plunging the ſmall Tube cleer under the Mercu- 
yin the box, I ſtopt the upper end of it very faſt with cement, then 
lifting up the ſmall Tube, I drew it up by a ſmall pully, .and a ſtring that 
I had faſtned to the top of the Room, and found the height of 'the Aer- 
curial Cylinder to be about twenty nine inches. 

Then letting down the Tube again, I opened the top, and then thruſt 
down the ſmall Tube, till I perceived the Quickfilver to rife within it to 
a mark thatT had plac'd juſt an inch from the top;and immediately clap- 
ping on a ſmall peice of cement that I had kept warm, I with a hot Iron 
ſeal'd up the top very faſt, then letting it cool (that both the cement 
might grow hard , and more eſpecially , that the Air might come to its 
temper, natural for the Day I try'd the Experiment in) I obſerv'd dili- 
gently, and found the included Air to be exaCtly an Inch. | 

Here you are to take notice, that after the Air is ſeal'd up, . thetop.of 
tle Tube is not to be elevated above the ſuperficies of the Quickſilver 

in 
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in the box, till the ſurface of that within the Tube be equal to it, for 
the Quickfilygf (as I have elſewhere prov'd) being 'more heterogene-- 
ous to, the Glaſs then the Air, will not naturally riſe up ſo high within 
the ſmall Pipe,as the ſuperficies of the Mercury in the box3 and therefore 
you are: toobſerve ,. how much below the outward ſuperficies of the 
Aftrcury in the box, that of the ſame in the Tube does ſtand, when.the 
top bting open, free ingr-ſs is admitted to the outward Air: --* © © + 
Having thus done, I permitted the Cylinder, or (mall Pipez'to'riſe out 
of the box, tillT found the ſurface of the Quickſilver in the Pipe. to be 
two inches above that in the box, aud found the Air'to have expanded 
it ſelf but one fixteenth part of an inch; . then drawing up the ſitialt 
pipe, till Ifound the height of the Quickſilver within to he four inches 
above that without, Tobſerved the Air to be expanded only*® of aninch 
more then it was at firſt, and to take up the room of 13 inch: then I 
raiſed the Tube till the Cylinder was fix inches high, and found the Air 
to takeup 12 inches of room in the Pipe; then to8, 16,'12. Ec. 
the expanlion of the Air that I found to each of which Cylinders are 
ſet dawn in the following Table; where the firſt row ſignifies the 
height of the Mercarial Cylinder ; the next, the expanſion of” the Air 
the third, the preſſure of the Atmoſphere, or the higheſt Cylinder of 
Mercury, which was then .neer thirty inches ; The Jaſt fignifies the force 
of the Air ſo expanded , which is found by ſubſtracting the firft row of 
numbers out of the third ; for having found, that the outward Air would 
then Keep up the Quickſilver to thirty inches, look whatever of that 
height is wanting muſt be attributed to the Elater of the Air deprefling. 
And therefore having the Expanſion in the ſecond row,and the height of 
the ſubjacent Cylizder of Mercury in the firft;; and the greateſPheight of 
the Cylinder of Mercury, which of it ſelf counterballances the whole 
preſſure of the Atmoſphere ; by ſubſtratting the numbers of thefirſt row 
out of the numbers of the-third, you will have the meafure oEthe Cylin- 
ders (qdepreſt, and conſequently the foree.of the Air,in the leveral Ex- 
panlions, regiſtred. | : : 
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[ had ſeveral other Tables of my Obſervations , and Calculations, 
which I then made ; but:it being above a twelve month ſince I made 
them ; and by that means having forgot many circumſtances and par- 
ticulars, I was reſolved to make them over onee again, which I did 
Auguſt the ſecond 1661. with the very ſame Tube which Tuſed the year 
before, when I firſt made the Experiment ( for jt being a very good 
one, I had carefully preſerv'd it: ) And after having tryed it over and 
over again z and being not well ſatisfied of ſome particulars, T, at laſt, 
having put all things 1n very good order, and being as attentive, and 
obſervant; as poſlibly 1 could, of every circumſtance requilite to be tas 
ken notice of, did regiſter my ſeveral Obſervations in this following 
Table. In the making of which, I did not exactly follow the m 
that. had uſed at firſt ; but, having lately heard of Mr. Townly's Hypo- 
theſis, I ſhap'd my courſe inſuch ſort, as would be moſt convenient for 
the examination of that Hypotheſis; the event of which you have in the 
latter part of the laſt Table. 

The other Experiment was, to find what degrees of force were requi- 
ſite to compreſs, or condenſe, the Air into ſuch or ſuch a bulk. 

The manner of proceeding therein was this : I took a Tube about 
five foot long, one of whoſe ends was ſealed up, and bended in the form 
of a Syphon , much like that repreſented in the fourth Figure of the 
37. Scheme, one {ide whereof AD, that was open at A, was about fifty 
inches long, the other ſide B C, ſhut at B, was not much above ſeven in- 
ches long; then placing it ex 1Ccly perpendicular , I pour'd in a little 
Quickſilver, and found that the Air B C was 6 inches, or very nearto 
ſeven ; then pouring in Quickſi]lver at the longer Tube, I continued 
filling of 1t till the Air in the ſhorter part of it was contracted into half 
| the former dimenſions, and found the hcight cxaccly nine and twenty in- 
chesz and by making ſeveral other tryals, in ſeveral other degrees of 
condenſation of the Air, I found them exactly an{wer the former Hypo- 
theſes. 

"5 having (by reaſon it wasa good while ſince I firſt made) forgot- 
ten many particulars,and being much unſatisfied in others, I madethe Ex- 
periment over again, and, from the {cveral tryals, collected the former 
part of the following Table : Where in the row next the left hand 24. 
ſignifies the dimenſions of the Air, ſuſtaining only the pretjure df the Ar- 
moſphere, which at that time was equal to a Cylizder of Mercuryof nine 
and twenty inches: The next Figure above it 720) was the dimenli- 
ons of the Air induring the firſt compreſſion, made by a Cylinderok Mer- 
cary 52, high, to which the prefiure of the Atmoſphere nine andtwenty 
inches being added , theelaſtick ſtrength oft the Air fo compreſt will be 
found 341% Ec. 
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From which Experiments, Ithink, we may ſafely conclude, that the 
Elater of the Air is reciprocal to its extenſion, or at leaſt yery neer. So 
that to apply -it to our preſent purpoſe ( which was indeed the chief 
cauſe of inventing theſe wayes of tryal ) we will ſuppoſe a Cylinder in- 
definitely extended upwards, [I fay a Cylinder, not a piece of a Core, 
becauſe, asT may elſewhere ſhew in the Explication of Gravity, that tr;- 
Plicate proportion of the ſhels of a Sphere, to theit reſpetive diameters, 
[ ſuppoſeto be removed in this caſe by the decreaſe of the power of Gra- 
vity | and the preſſure of the Air at the bottom of this Cylinder to be 
ſtrong enough to keep up a Cylinder of Mercury of thirty inches : Now 
becauſe by the moſt accurate tryals of the molt illuſtrious and incompa- 
rable Mr. Boyle, publiſhed in his deſervedly famous Pneumatick Book, 
the weight of Quickſilver, to that of the Air here below, is found neer 
about as fourteen thouſand to one: If we ſuppoſe the parts of the Cy- 
linder of the Atmoſphere to be every where of an equal denſity, we ſhall 
( as he there deduces } find it extended to the height of thirty five 
thouſand feet, or ſeven miles: But becauſe by theſe Experiments we have 
ſomewhat confirm'd the hypotheſis of the reciprocal proportion of the 
Elaters to the Extenſions we ſhall find, that by ſuppoſing this Cylinder of 
the Atmoſphere divided into a thouſand parts, each of which being equi- 
valent to thirty five feet, or ſeven geometrical paces,that is,cach of theſe 
diviſions containing as much Air as is ſuppos'd in a Cylinder neer the 
earth of equal diameter,and thirty five foot high, we ſhall find the lower- 
molt topreſs againſt the ſurface of the Earth with the whole weight of 
the above mentioned thouſand parts; the preſſure of the bottom of the 
ſecond againſt the top of the firſt to be 1000—1==999. of the third 
againſt the ſecond to be 1000—2==998. of the fourth againſt the third 
tobe x000— 3— 997. of the uppermoſt againſt the 999. or that next be- 
low it, to be 1c00—999=— 1. ſo that the extenſion of the lowermoſt 
next the Earth, will be to the extenſion of the next below the upper- 
moſt, as 1. to 999. for as the preſlure ſuſtained by the 999. 1s to the 
preſjure ſuſtain'd by the firſt, ſo is the extenſion of the firſt to the ex- 


tenſion of the 999. ſo that, from this hypothetical calculation, we ſhall _ 


find the Air to be indefinitely extended : Forif we ſuppoſe the whole 
thickneſs of the Air to be divided, as I juſt now inſtanced, into a thou- 
ſand parts, and each of thoſe under differing Dimenſions, or Altitudes, 
to contain an equall quantity of Air, we ſhall find, that the firſt Cylizder, 
whoſe Baſe is ſuppoſed to lean on the Earth, will be found to be exten- 
ded 352, foot; the ſecond equal Diviſion, or Cylinder, whole baſis is 
ſuppoſed to lean on the top of the firſt,ſhall have its top extended higher 
by 35253 the third 3533 3 the fourth 353375 and ſfoonward, each e- 
qual quantity of Air having its dimenſions meaſured by 35. and ſome 
additional number expreſt alwayes in the manner of a fraction , whoſe 
numerator is alway. the number of the place multiplid by 35. and 
whoſe denominator is alwayesthe preſſure of the At-zoſphere ſuſtaind by 
that part, ſo that by this means we may eaſily calculate the height of 999. 
diviſions of thoſe 1000. diviſions, I Ly 44 ; Whereas the uppermoſt 

2 may 
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may extendit ſelf more thenas high again,nay, perhaps indefinitely, or 
beyond the Moon 3 for the Elaters and Expanſions being wn reciprocal 
proportions, fince we cannot yet find the plas ultra, beyond which the Air 
will not expand it felf, we cannot determine the heightof the Air: for 
fince, as we have ſhewn, the propeftion will be alway asthe preffure 
ſaſtain'd by any part is to 35. fo 1000. to the expantion of that part; 
the multiplication or product therefore of the preſjure, and expanlion, 
that is, of the two extream proportionals, being alwayes equal to the 

roduG of the means, or 35000. it follows, ſince that Rectangle or 

rodudt may be made up of the multiplication of infinite diverfitics of 
numbers, that the height of the Air is alfo indefinite ; for ſince (as far as 
I have yet been able to try) the Air ſeems capable of an indefinite Ex- 
panfion, the prefſure may be decreaſed in i»firituw, and conſequently its 
expanfion upwards indefinite alſo. 

ere being therefore ſuch a difference of denſity, and no Experi- 
ment yet known to provea Saltas, or ikipping from one degree of rari- 
ty to another much diftering from it, that is, that an upper part of the 
Air ſhould fo much differ from that immediately ſabjacext toit, as to 
make a diſtinCt ſfuperficies, fuch as we obſerve between the Air and Wa- 
ter, &c. But it being more likely, that there isa continual increaſe of 
rarity in the parts of the Air, the further they are removed from the 
furface of the Earth : It will hence neceflarily tollow, that (as in the 
Experiment of the ſalt and freſh Water ) the > of Light paſling ob- 
liquely through the Air alſo, which is of very different denlity, will be 
continually, and infinitely inflected, or bended, from a ſtreight, or direct 
motion. 

This granted , the reaſon of all the above recited Phanomena, con- 
— the appearance of the Celeſtial Bodies, will very cafily be de- 

uced. As 

Firſt, The redneſs of the Sun, Moon, and Stars, will be found to be 
cauſed by the inflection of the rays within the Atmzoſphers, Thar it is 
not really in or near the luminous bodies, will, I ſuppoſe, be very eatily 

ranted, ſeeing that this redneſs is obſervable in ſeveral places differing 
1 Longitude, to be at the ſame time different, the ſetting and riling Sun 
of all parts being for the molt part red : . 

And ſecondly, That it is not meerly the colour of the Air interpos'd, 
will, I ſuppoſe, without much more difficulty be yielded, ſceing that we 
may obſerve a very great izterſtitinze of Air betwixt the Object and the 
Eye, m_ it appear of a dead blew, far enough differing from a red, 
Or YENOW, 

t thirdly, That it proceeds from the refraftion,or infleftion, of the 
rays by the Atmoſphere, this following Experiment will, I ſuppole, ſuffci- 
ently manifeſt. | 

Take a ſpherical Cryſtalline Viol, ſfych as is deſcrib'd in the fifth Fi- 
= A BCD, and, having fi]1'd it with pure clear Water, expoſe itto 
the Sun beams; then taking a piece of very fine Yerice Paper, apply it 


againſt that ſide of the Globe that is oppolite to the Sun, as agai = 
ide 
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hdeBC, and you hail perceive a bright red Ring to. appear, caws' by 
the refrattionofthe Rays, A A A A, which is made by the Globe; in 
which Experiment, ifthe Gla& and Water be very cleer, fo that there be 
no Sands-nor bubbles in the Glaſs, nor dirt in the Water, you ſhall nar 
perceive any appearance of any other colour, To apply which Expert 
ment, we may +5 c ing Atwoſphere to be a great tranſparent Globe, 
which being of a ſubſtance more denje then the other, or (which comes 
to the: fame) that has its parts more denſe towards the middle, the Sun 
beams that are tangents, or next within the tangents of this Globe, will 
be refraced or infletted from their direct paſlage towards the center of 
the Globe, whence, according to the Jaws of retraftions made ina trian- 
gular Priſm, and the generation of colour ſet down in the deſcription of 
Muſcovtglaſs,there muſt neceſlarily appeara red colour in the tranſtzs 
or patlage of thoſe tangent Rays. To make this more plain, we will tup- 
poſe (in the ſrzth Figere) AB CD), to repreſent the Globe of the A4t- 
woſphere, EF GH to repreſcut the opacous Globe of the Earth, lying 
in the midſt of it, neer to which, the parts of the Air, fuſtaining a very 
great preſſure, are thereby very much condens'd, from whence thoſe 
Rays that are by infle&tion made tangents to the Globe of the Earth,and 
thoſe withant thery, that paſs throngh the more condens'd part of the 4t- 
moſphere, as ſuppote between A and E, are by reaſon of the inequali 
of the mwedinm, milecied towards the center, whereby there muſt nece(- 
farily be generated a red colour, as is more plainly thewn inthe former 
cited place z hence whatſoever opacous bodies (as vapours,or the like ) 
ſhall chance to be elevated into thoſe parts,will refleG&t a red towards the 
eye; and thereforc thoſe evenings and mornings appear reddeſt,that have 
the moſt ſtare of vapours and haliruous ſubſtances exhaled to a conve- 
nient diſtance from the Earth; for thereby the 1nfleftion is made the 
oreater,and thereby the colour alſo the more intenſezand ſeveral of thoſe 
cxhalations being opacous, refleft ſeveral of thoſe Rays, which, through 
an Homogemeens tranſparent weding: would pals unſeen; and therefore we 
ſee, that when there chances to be any clouds ſituated in thoſe Regions 
they refle(t a ſtrong and vivid red. Now, though one great cauſe of 
the redneſs may be this infletion, yet I cannot wholly exclude the colour 
of the vapours themſelves, which may have ſomething of redneſs in them, 
they being partly nitrous,and partly fuliginousz both which ſteatus tinge 
the Rays that paſs through then, as is made evident by looking at bodies 
through the fumes of 4q»afortis, or ſpirit of Nitre | as the newly menti- 
oned Illuſttious Perſon has demonſtrated? and alſo throughthe ſmoak of 
a Fire-or Chimney. : 
Having therefore made it probable at Jeaſt, that the motning and 
evening redneſs may partly proceed from this inflection or refraction of 
the Rays,we ſhall next ſhew, how the Oval Figure will be likewile eaſily 
deduced. | | | 
Suppoſe we therefore, EF GH in the ſixth Figare of the 37.Schemte, 
to repreſent the Earth; ABCD, the Atmtoſpere; ET, and E L, two Rays 


coming from the Sun, the one from the upper;the other from the —_— 
imb, 
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Limb, theſe Rays, being by the 4tmoſphere inflected, appear to the eye 
at E, as if $ ere had m—_ from the points, N and O; and becauſe ran 
Ray L has a greater inclination upon the inequality of the Atmoſphere 
then I, therefore mult it ſuffer a greater inflection, and conſequently be 
further elevated above its true place, then the Ray I, which has a leſs 
inclination , will be elevated above its true place; 'whence it will 
follow, that the lower ſide appearing neerer the upper then really it is, 
and the two /ateral ſides, viz. the right and left fide, ſuffering no ſenſible 
alteration from the inflection, at leaſt what it does ſuffer, does rather 
increaſe the viſible Diameter then diminith it, as I ſhall ſhew by and by, 
the Figure of the luminous body muſt neceſſarily appear ſomewhat 
Elliptical. | | 

This will be more plain, if in the ſeventh Figzre of th 37. Scheme we 
ſuppoſe AB to repreſent the ſenſible Horizon ; C D EF, the body of the 
Sun really belowit; GHIK, the ſame onny above it, elevated 
by the infletion of the Atmroſphere : For if, according to the beſt obſer- 
vation, we make the viſible Diameter of the Sun to be about three or. 
four and thirty minutes,and the Horizontal refraction according to Ticho 
be thereabout.or ſomewhat more,the lower limb of the Sun E,will be ele- 
vated to I; but becauſe,by his account, the point C will be elevated but 
29. minutes, as having not ſo great an inclination upon the inequality of 
the Air, therefore I G, which will be the apparent refratted perpendicu- 
lar Diameter of the Sun,will be leſs then C G,which is but29. minutes,and 
conſequently fix or ſeven minutes ſhorter then the unrefracted apparent 
Diameter. The parts, D and F, will be likewiſe elevated to H and K, 
whoſe refraction, by reaſon of its inclination, will be Digger then that of 
the point C,though leſs then that of E:therefore will the ſemidiameter F L, 
be ſhorter then L G, and conſequently the ,under fide of the appearing 
Sun more flat then the upper. 

Now. becauſe the Rays from the right and left ſides of the Sun, ec. 
have been obſerv'd by Kicczolo and Grizraldus, to appear more diſtant 
one from another then really they are,though(by very manyObſervations 
that I have made for that purpole,with a very good Teleſcope.fitted with a 
divided Ruler) I could never perceive any great alteration, yet there be- 
Ing really ſome.it will not be amiſs,to ſhew that this alſo proceeds from the 
refraCtion or inflection of the Atmoſphere ; and this will be manifeſt,if we 
conſider the Atmoſphere as a tranſparent Globe, or atleaſt a tranſparent 
ſhell, P——_ an opacous Globe, which, being more denſe then the 
mediun encompatiing it, refracts or inflects all the entring parallel Rays 
into a point or focus,ſo that whereſoever the Obſervator is plac'd within 
the Atmoſphere, between the focus and the luminous body, the lateral 
Rays muſt neceſlarily be more converg'd towards his eye by the refra&ti- 
on or inflection, then they would have been without it 3 and therefore 
the Horizontal Diameter of the luminous body muſt neceſiarily be aug- 
mented.. | iis 

This 6 #.47 be more plainly manifeſt to the eye by the ſixth Figere ; 
but becauſe it would be ſomwhat tedious, and the thing being obvious 

| enough 
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criough to be imagin'd byany one that attentively conſiders it; Iſhall ra- 
ther omit it, andiproceed to ſhew, that the maſs of Air neer the futface of 
theEarth,conliſts,or is made up,of parcels, which do very much differ from 
one another inpoint of denſity and rarity ; and conſe uently the Rays of 
light that paſs throu h them will be variouſly infleted,here one way.and 
there another;according as they paſs ſo or ſo through thoſe differing parts; 
and thoſe parts being always in motion,cither upwards or downwards.ot 
to the rightor left, or in ſome way compounded of theſe, they do by this 
their morion' inflect the Rays, now this way, and preſently that way. 
_. This 1rregular,unequal and unconſtant infle&ion of the Rays of light, 
is the reaſon why the limb of the Su, 2007, Jupiter, Saturn, Mats, and 
Venus, appearto wave or dance; and why the body of the Starrs appear 
to tremulate'or twinkle, their bodies, by this means, being ſometimes ma- 
ar) Fre. ſometimes diminiſhed ; ſometimes elevated, otherwhiles de- 
preſs'd; now thrown to the right hand, and then to the left; 
And that there is ſuch a property or unequal diſtribution of parts, is 
manifeſt from the various degrees of heat and cold that are found in the 
Air: from whence will follow a differing denſity and rarity, both as to 
quantity and refraction; and likewiſe from the vapours that are inter- 
pos d, (which,by the way, Iitnagine.as to refraction or inflefion; to do 
the ſame thing, as it. they were rarify'd Air; and that thoſe vapours that 
aſcend,are both lighter, and leſs denſe, then the ambient Air which boys 
themup; 'and that thoſe which deſcend, are heavier and more dens) 
The firſt of theſe may be found true, if you take a good thick piece of 
Glaſs,and heating it pretty hot in the fire, lay it upon ſuch another piece 
of Glaſs, or hang it in the open Air by a piece of Wire, then looking 
upon ſome far diſtant Object (ſuch as a Steeple or Tree) ſo as the Rays 
from that Object paſs directly over the Glaſs before they enter your eye, 
you ſhall find ſuch a tremulation and wavering of the remote Object, as 
will very much offend your eye: The like tremulous motion you may 
obſerve to be-caus'd by the aſcending ſteams of Water, and the like. 
Now. from the firlt of theſe it is manifeſt, that from the rarifa&ion of the 
parts of the Air,by heat,there is caus'd a differing refraction,and-from the 
aſcenſion of the more rarify d parts of the Air, which are thruſtup by the 
colder, and therefore more condens'd and heavie, is causd anundula- 
tion or wavering of the Object; for I think, that there are very few 
will grant, that Glaſs, by as gentle a heat as may be endur'd by ones 
hand, ſhould ſend forth any of its parts in fteams or vapours, which does 
not ſeem to be much waſted by that violent fire of the green Glaſs-houſe ; 
but, if yetitbe doubted, let Experiment be further made with that bo- 
dy that is accounted, .by Chymilts and others, the moſt ponderous and 
fix'd in the world ; for by heating of a piece of Gold, and proceeding in 
the ſame manner, you may find the ſame effedts. 1 5 ES, 

This trembling and fhaking of the Rays, is more ſenſibly caus'd by an 
actual flame, or quick fire, or anything elſe heated glowing hot 3 as by 
a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like : the 


which 


2 


fame alſo appears very conſpicuous, if you -look at an Object betwixt | 


3 


1 
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which and your eye, the riſing ſmoak of ſome Chimney 1s interpos'd , 
which brings into my mind what I had once the opportumty toobſerye, 
which was, the Sun riſing to my eye juſt over a Chimney that {ent forth 
a copious ſteam of ſmoak ; and taking a ſhort Teleſcope, which Thad then 
by me, I obſerv'd the body of the Sun, though it'was but-juſt peep 4 
above the Horizon, to have its underſide, not onely flatted, and preis'd 
inward, as it uſually is when neer the Earth ; but to __ more pro- 
tuberant downwards then if it had ſuffered no refraCtion at all; and 
belides all this, the whole body of the Sun appear'd to trembleor dance, 
and the edges or limb to be very ragged or indented, undulating or wa- 
ving, much in the manner of a flag in the Wind. 

This I have likewiſe often obſerv'd in a hot :Sunſhiny Summer's day, 
that looking on an Object over a hot ftone,or dry hotearth,I have found 

- the Obje& to be undulated or ſhaken, much after the fame manner. And 
if you look upon any remote Obje( through a Teleſcope (in a hot Sum- 
mer's day eſpecially ) you ſhall find it likewiſe to appear tremulous. And 
further, if there chance.to blow any wind, or that the air between you 
and the Object bein a motion or current, whereby the parts of it, both 
rarify'd and condens'd, are ſwiftly remoy'd towards the right or left, if 
then you obſerve the Horizontal ridge of a Hill far diſtant,through a ve 
good Teleſcope, you ſhall find it to wave much like the Sea, and thoſe 
waves wlll appear to paſs the ſame way with the wind. 

| From which,and many other Experiments, 'tis cleer that the lower Re- 
g10n of the Air,cſpecially that part of it which lieth neereſt to the Earth, 
has, for the moſt part,its conſtituent parcels variouſly agitated, either by 
heat or winds, by the firſt of which, ſome of them are'made more rare, 
and ſb ſtiffer a leſs refraCtion ; others are interwoven, either with aſcend- 
ing or deſcending vapours the former of which being more lighr, and 
ſo more rarify'd,have likewiſe a leſs refraCtion ; the latter being more hea- 
vie, and conſequently more denſc,have a greater. 

Now, becauſe that heat and cold are equally diffus'd every way ; and 
that the further it is ſpread, the weaker it grows; hence it will "$ noms 
that the moſt part of the under Region of the Air will be. made up of fe- 
veral kinds of letes, fome whereot will have the properties 'of Convex, 
others of Cozcave glaſjes;, which, that I may the: more intelligibly make 
out, we will{uppoſe in the eighth Figzre of the 37. Scbewe, that A re- 
preſents an aſcendimg vapour, which, by reaſon of ies being fomewhar 
Heterogeweous to the ambient Air,is thereby thruſt into a kind of Globular 
form, not any where terminated, bur gradually finifbed; that is, it is moſt 
rarity'd in the middle about A, ſomewhat more condens'd about B B, 
more then that about C'C; yet further;about DD, almoſt of the ſame 
denſity with the ambient Air about EE; and laſtly,  incloſed with the 
more denſe Air F F, fo. that from A, to FF, there is a comnual 1n- 
creaſe of denfity. The reaſon of which will be manifeſt, it we conhder the 
rifing vapour to be much warmer then the ambient heavie Air; tor by 
the coldneſs of the ambicne Air, the ſhell: E E will be more refrigerated 
then D D,and that then CC,which will be yet more rhenB B,. and that 


more 
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more then A; ſothat from F to A, there is a continual increaſe of heat, 
and conſequently of rarity ; from whence it will neceſlaril follow, that 
the Rays of light; will be infleted or refracted in It, in the ſame man- 
ner as they would bein a Corcave-glaſe ; for the Rays GKI, G K 7 will 
be infleted by KH, G K H, which will eafily follow from what be- 
fore explained concerning the infletion of the Atmoſphere. 

On the other (ide, a deſcending vapour,or any part of the air included 
by aw aſcending vapour,will exhibit the ſame effects with a Convex lens ; 
for,if we ſuppoſe,inthe former Figure,the quite contrary conſtitution to 
that laſt deſcrib'd ; that is, theambient Air F F being hotter then any 
part of that matter within any circle, therefore the coldeſt part muſt 
neceſlarily be A; as being fartheſt remov'd from the heat. all the 
intermediate ſpaces, will be gradually diſcriminated by the continuall 
mixture of heat and cold, fo that it will be hotter at EE, then D D, in 
DD then CC, in CC thenBB,andin BB then A. From which, a like 
refraction and condenſation will follow ; and conſequently a lefſer or 
greater refraction, fo that every included part will refra& more then the 
including, by which means the Rays, GKI, GK I, coming from a Starr, 
or ſome remote Object, are ſo intlefted, that they will again concutr and 
meet, in thepoint M. By the interpoſition therefore of this deſcending 
vapour the viſible body of the Star, or other Obje@, is very much aug- 
mented, as by the former it was diminiſhed. 

From the quick conſecutions:of theſe two,one after another, between 


the Object. and your eye,caufed by their motion upwards or downwards, 


proceeding from their levity or gravity, or to the right or left, proceed- 
ing fromthe wind, a Starr may appear, now bigger, now leſs, then really 
it would. otherwife without them3 and this is that property of a Starr, 
which is commonly call d twinkling, or ſcintillation. 

The reaſon why a Star will now appear of one colour,now of another, 
which for the moſt part happens when 'tis neer the Horizon, may very 
eaſily be deduc'd from its appearing now in the middle of the vapour, 
other whiles neer the edge; fur if you look againſt the body of a Starr 
with a Teleſcope that has a pretty deep Convex Eye-glals, and fo order it, 
that theStar may appear ſometimes in one place,and ſometimes in another 
of it;you may perccive this or that particular colour to be predominant 


in the apparent Figure of the Starr, according asit is more or leſs remote. 


from the middle of the Les. This I had here further explain'd, but that 
it does more properly belong to another place. Rs 

[ ſhall therefore onely add ſome few Quzries, which the conſideration 
of theſe particulars hinted, and fo finiſh this Section. 

And the firſt ſhall propound is, Whether there -may not be made an 
artificial' tranſparent body of an exaft Globular Figure that ſhall ſo 
inflett or TefraC all the Rays, that,coming from one point, fall upon any 
Hemiſphere of it; that every one of them may meet-on the oppokite ffde, 
and croſs one another exactly in a point; and that it may do the like alſo 
with all the Rays that, coming from a /atera/ point, fall upon-any other 
Hemiſphere; for if ſo, there were to be _— a perfection of Dioptricks, 

| 


and 
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and a tranſmigration into heaven, even whilſt we remain here upon earth 
inthe fleſh, and a. —_—_— or — into the center and inner- 
moſt receſles of the earth. and all earthly bodies; nay, it would open not 
onely a cranney, but a large window (as I may ſo ſpeak) into the Shop of 
Nature, wow 4 we might be enabled to ſee both the tools and opera- 
tors, and the very manner of the operation it ſelf of Nature ; this, could . 
it be effefted, would as farr ſurpaſs all other kind of perſpeQives as the 
vaſt extent of Heaven does the {mall point of the Earth, which diſtance 
it would immediately remove, and unite them, as 'twere, into one; at leaſt, 
that there ſhould appear no more diſtance between them then the length 
of the Tube, into the ends of which theſe Glaſſes ſhonld be nſerted : 
Now, whether this may not be effected with parcels of Glaſs of ſeveral 
denſities, I have ſometimes proceeded ſo farr as to doubt (though in 
truth, as to the general, 1 have wholly deſpair'd of it) for I haveoften 
obſerv'd in Optical Glaſles a very great variety of the parts, which are 
commonly called Veins; nay, fome of them round enough (tor they are 
for the moſt part, drawn out into ſtrings) to conſtitute a kind of /ers. 

This I ſhould further proceed to ope, had any one been fo in- 
quiſitive as to have found out the way of making any tranſparent body, 
either more denſe or more rare; for then it might be poſſible to compoſe 
a Globule that ſhould be more denſe in the middle of it, then in any 
_ Other part, and to compoſe the whole bulk, ſo as that there ſhould be a 
continual gradual tranſition from one degree of denſity to another ; ſuch 
as ſhould be found requilite for the deſired infleQion of the tranſmigra- 
ting Rays; but of this enough at preſent, becauſe I may ſay more of it 
when I fer down my own Trials concerning the melioration of Dzeptricks, 
where ſhall enumerate with how many ſeveral ſubſtances I have made 
both Microſcopes, and Teleſcepes, and by what and how many, ways : Let 
ſuch as have leiſure and opportunity farther conſider it. 

The next Quary ſhall be, whether by the ſame collection of a more 
denſe body then the other, or at leaſt, of the denſer part of the other. 
there might not be imagin'd a reafon of the apparition of ſome new fixed 
Stars, as thoſe in the Swan, Caſſzope's Charr, Serpentariws, Piſcis , Ce- 
t#5, &c, Þ 

Thirdly, Whether it be poſſible to define the height of the Atmoſphere 
from this infleCcion of the Rays, or from the Quickſilver Experiment of 
the rarifation or extenſion of the Air. 

Fourthly, Whether the diſparity between the upper and under Air be 
not ſometimes ſo great, as to make a reflecting fuperficies; I have had fe- 
veral Obſervations which ſeem to have proceeded from ſome ſuch cauſe, 
but it would be too long to relate and examine them. An Experiment, 
alſo ſomewhat analogous to this, I have made with Salt-water.arid Freſh, 
which two liquors,in moſt Poſitions,ſeem'd the ſame, and not tobe ſepa- 
rated by any determinate ſuperficies, which ſeparating ſurface yet'in ſome 
other Poſitions did plainly appear. fac 71D 4 

And if fo, Whether the reaſon of the; equal bounding or terminus of 


the under parts of the clouds may not proceed from this cauſe 3 whether, 
ſecondly, 
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ſecondly, the/Reafon of the apparition of many Suns may-not be found 
out, by conſidering, how.che Rays of the Sun-may fo: be reflefted; as £9 
defcribe a pretty. true Image of the body,as we-find thetn from any regu- 
JarSuperficies: >Whether alſo this way not be found to:cauſe the'appai 
rition of ſomef- thoſe Pare/iz, or counterfeit Suns, which-appear colows 
red, by refraCting'the Rays fo, as to make the body of 'theSun appear in 
quite another/place'then really it is. Butof this:more elſewhere; 
© 5. Whether the/Pheromens of the Clouds may not be made-outby 
this diverſity-of denſity in the upper .and under: parts of the Air, by 
ſuppoſing the Airabove them to be much lighter then they thetnſetves 
are, and they themſelves to be yet lighter then that: which is ſubjacent 
to them, many of them ſeeming tobe the fame ſubſtance with the Cobs 
webs that fly in the Air after a Fog. - _ "144 -1LD 
Now that:fuchia conſtitution of the Air and Clonds, if fuch there be, 
may be ſufficient 'to perform this effe&, may be confirm'd bythis Expe- 
FUNENC, - | #35675 y 
Make as ſtrong a'Solution of Salt as you are abte, then filling a Glaſs 
of ſome depth half'full with it, fill the other half with freſh Water, and 
poyle a little Glafs-bubble, fo as that it may fink pretty quick in freſh 
Water, whichtake and put into the aforeiaid Glaſs, and you ſhall find 
it to fink till t -comes towards the middle, where it will remain fixt; 
without moving ether upwardsor downwards. And by aſecond Exs 
periment, of poxfing ſuch a bubble in water, whoſe upper part is warmer; 
and conſequently lighter, then the under, which is colder and heavier 
the manner of which follows in this next Quzry, which is, - 3 
6. Whether the rarifaction and condenſation of Water be not'made 
after the ſame manner, as thoſe effects are produc'd in the Air by heat z 
for I once pois da ſcal'd up Glaſs-bubble fo exaCtly, that never fo ſtall 
an addition would make it fink, and as ſmall a detraction make it fwiny, 
which ſuffering to reſt in that Veſſel of Water for ſome time; Talwayes 
found it about noon to be at the bottom of the Water, and at night; and 
in the morning, at the top: Imagining this to proceed from the Raris 
faction of the Water, caus'd by the heat , I madetryal, and found moſt 
true ; for Iwas able at any time, etther to depreſs, or raiſe it, by heat 
andcold ; for if I let the Pipe ſtand for ſome time in. cold water, I 
could eaſily raiſe the Bubble from the bottom, whither I had a little a- 
fore detruded it, by putting the ſame Pipe into warm Water: And this 
way [have been able, for a very conſiderable time, to keep a Bubble fo 
-poys'din the Water, as that it ſhould remain irt the middle, and neither 
ſink, nor ſwim : For gently heating the upper part of the Pipe with a 
Candle, Coal, or hot Iron, till I perceived the Bubble begin to deſcend, 
then forbearing, I have obſerved it to deſcend to ſuch or ſuch a ſtation, 
and there toremain ſuſpended for ſome hours, till the heat by degrees 
were quite vatnſhed , when it would again aſcend to its former place. 
This I have alſo often obſerved naturally performed by tlie heat of the 
Air, which being able to rarifie the upper parts of the Water fooner 
then the lower, by reaſon of its — conta&t , the heat of the = 
34 © 15390 
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has ſometimes ſo {lowly increaſed, that 1 have obſerved the Bubble to be 
ſome hours'it-paſſing between the top and bottom. itt) 
-.17. Whether the' appearance of the Pikeof Tenerif,, and ſeveral other 
high Mountains, at ſo-much greater a diſtance theri {tems to agree with 
theirreſpettive heights, be not to be attributed to the. Curvature of the 
viſual Ray; that:is made. by-its paſſing obliquely through ſo differingly 
Denſe a Medium from the top to the eye very far diſtant in the Hort- 
zon : For fince we have already, I hope, made it'very probable, . that 
there; is ſuch an 3#fle#ioz of the Rays by the ditiering denſity of :the 
partsof the Air; and ſince I have found ,. by ſeveral Experiments made 
on places comparatively not very high, and have yet found the preſſure 
ſuſtain'd; by thoſe parts of the Air at the top and bottom, . and: alfotheir 
differing Expanſions very conſiderable : Infomuch that I have found the 
preſſure of the: Atmoſphere lighter at the top of St. Paxl's Steeple in Lox- 
don { which is about two hundred foot high ) then at the bottom by a 
ſixtieth or fiftieth part, and the expanſion at the top greater then that:at 
the bottom by-neer about ſo much alſo; for the Mercarial Cylinder at the 
bottom was about 3g. inches, and at the top half an inch lower; the Air 
alſo included in the Weather-glaſs,that at the bottom fill'd only 155. ſpa- 
ces, at the-top fill'd 158. —_— the heat at the top and bottom was 
found exaGtly the ſame with a ſcal'd Thermometer: I think it very rational 
toſuppoſe _, that the greateſt Curvature of the Rays is made neareſt the 
Earth,and that the infleCtion of the Rays, above 3. or + miles upwards, is 
very inconſiderable, and therefore that by this meansAuch calculations of 
the height of Mountains, as are made from the diſtance they are viſible in 
the Horizon, from the ſuppoſal that that Ray is a ſtraight Line ( that from 
the top of the Mountain 1s, as'twere, a Tangent to the Horizon whence it 
isſeen) which really is a Cxrve, is very erroneous. Whence, I ſuppoſe, pro- 
ceeds the reaſon of the exceedingly differing Opinions and Aflertions of 
ſeveral Authors, about the height of ſeveral very high Bills. 

+. 8. Whether this InfleCtion of the Air will not very much alter the ſup- 
poſed diſtances of the Planets, which ſeem to have a very great depen- 
dence upon the Hypothetical refraction or infleCtion of the Air, and that 
refraftion upon the hypothetical height 'and denſity of the Air : For 
fince ( as I hope ) Ihave here ſhewn the Air to be quite otherwiſe then 
has been hitherto ſuppos'd, by manifeſting it to be, both of a vaſt, at 
lealt an uncertain, height, and of an unconſtant and irregular denſity ; 
It muſt neceſlarily follow, that its infle&tion muſt be _ accordingly - 
And therefore we may hence learn, upon what ſure grqunds all the A- 
ſtronomers hitherto have built, - who have calculated the:diſtance of the 
Planets from their Horizontal Parallax ; for ſince the Refrattion and Pa- 
rallax are fo, nearly ally'd, that the one cannot be known without the 
other, eſpecially by any wayes that have been yet attempted, how uncer- 
tain muſt the Parallax COTE the Refrachon 1s unknown? And how eafie 


1sit for Aſtronomers to aflign what diſtance they pleaſe to the Planets,and 

defend them,when they have ſuch a curious ſubterfage as that of Refratti- 

On,wherein a yery little variation will allow them liberty enough to place 
1 


the Celeſtial Bodies at what diſtance they pleaſe, It 
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If therefore we would come to any certainty in this point, we muſt go 
other wayesto work ;/ and asT haye here examined the height and retra- 
- Ctive property /of the Air by other wayes then are uſual , ſomuſt we 
find the Parallax of the Planets by, wayes not yet -prattiſed ; and to this 
end, I cannot imagthe ary better way, then the Obſervations of them by 
two perſonsat very far diſtant parts of the Earth, that lye as neer as may 
be under the ſame Meridian, or Degree of longitude , but differing as 
much in latitude, as there can be places conveniently. found * Theſe two 
perſons, at certain appointed times, ſhould .( as near as could be) /both 
at the ſame time, obſerve the way of the Moon, Mars, Venus, Jupiter, 
and Saturn, amongſt the fixt Stars, with a good large Teleſcope, .and ma- 
king little Iconiſmes, or pictures, of the ſmall fixed Stars, that appear to 
each of themto;lye in or near the way of the Center of the Planet, and 
the exact meaſure of the apparent Diameter 3 from the comparing of 
ſuch Obſervations together, we might certainly know the true diſtance, 
or Parallax,'of the Planet. And having any onetrue Parallax of theſe 
Planets, we might very ealily have the other by their apparent Diame- 
ters, which the Teleſcope likewiſe affords us very accurately. And thence 
their motions might be much better known, and their Theories more ex- 
aCtly regulated. And for this purpoſe I know not any one place more 
convenient for ſuch an Obſervation to be made in, then in the Iſland of 
St. Helena, upon the Coaſt of Africk, which lyes about ſixteen degrees 
to the Southwards of the Line, and is very near, according to the lateſt 
Geographical Maps, in the fame Meridian with Lozdoz ; for though 
they may not-perhaps lye exactly in the ſame, yet their Obſervations, 
being ordered. according to what I ſhall anon ſhew, it will not be diff- 
cult to find the true diſtance of the Planet. But were they both under 
the ſame Meridian, it would be much better. | 

And becauſe Obſervations may be much caſter, and more accurately 
made with good Teleſcopes, then with any other Inſtruments, it will nor, 
I ſuppoſe, ſeem impertinent to explain a little what wayesI judge moſt 
fit and convenient for that particular. Such therefore as ſhall be the 
Obſervators for this purpoſe, ſhould be furniſhed with the beſt Tekſcopes 
that can be had, the longer the better and more exact will their Obſer- 
vations be, though they are ſomewhat the more diffticultly manag'd, 
Theſe ſhould be fitted with a Rete, or divided Scale, plac'd at ſucha di- 
ſtance within the Eye-glaſs,that they may be diſtinctly ſeen, which ſhould 
be the meaſures of minutes and ſeconds ; by this Inſtrument each Ob- 
ſervator ſhould, at certain prefixt times, obſerve the Moon, or other 
Planet, in, or very near, the Meridian.z and becauſe it may be very dith- 
cult to find two convenient ſtations that will happen to be juſt under the 
Game Meridian, they ſhall, each of them, obſerve the way of the Planet, 
both for an hour before, and an hour after, it arrive at the Meridian 
and by a line, or ſtroke, amongſt the ſmall fixed Stars, they ſhall denote 
out the way that each of them obſery'd the Center of: the Planet to be 
mov'd in for thoſe two hours : Theſe Obſervations each of them ſhall 
repeat for many dayes together, that both it may happen, that _ of 
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them may ſometimes make their Obſervations together, and that from 
divers Experiments we may be the better aſſured of what certainty and 
exadneſs ſuch kind of Obſervations are like to prove. And becauſe ma- 
ny of the Stars which may happen to come within the compals of ſuch 
an 03m, or Map, may be ſuch as are only viſible throu h a good Tele- 
ſcope, whoſe Poſitions perhaps have not been noted, nor their longitudes, 
or latitudes, any where remarked; therefore each Obſervator ſhould in- 
deavour to inſert ſome fixt Star,whoſe longitude, and latitude, is known ; 
or with his Teleſcope he ſhall find the Poſition of ſome notable telefeopical 
Star, inſerted in his Map, to ſome known fixt Star, whoſe place in the Zo- 
diack is well defin'd. | 

Haviog by this means found the true diſtance of the Moon, and ha- 
ving obſerved well the apparent Diameter of it at that time with a good 
Teleftope,' it is eafic enough, by one ſingle Obſervation of the apparent 
Diameter of the Moon with a good Glaſs, to determine her diſtances 
in any other part of her orbit, or Dragon, and conſequently, ſome few 
Obſervations will tell us, whether ſhe be mov'd in an Epps, (which, by 
the way, may alſo be found, even now, thoughT think we are yet_ igno- 
rant of her true diſtance) and next ( which without ſuch Obſervati- 
ons, I think, we ſhall not be ſure of) we may know exactly the bigneſs of 
that E/jpſis, or Circle, and her true velocity in each part, and thereby be 
much the better inabled to find out the true cauſe of all her Motions, 
And though, even now alſo, we may, by ſuch Obſervations in one ſtati- 
on, as here at London, obſerve the apparent Diameter and motion of the 
Moon-in her Drago, and conſequently be inabled to make a better 
ghelſs at the Specres or kind of Curve, in which ſheis moy'd, that is, 
whether it be ſphzrical, or e/iptical, or neither, and with what propor- 
tional velocities ſhe is carried in that Curve; yet till her true Paralax 
be known, we cannet determine either. 

Next, for the true diſtance of the Sun, the beſt way will be, by accu- 
rate Obſervations, made in both theſe forementioned ſtations, of ſome 
convenient Eclipfe of the Sun, many of which may ſo happen, as tobe 
ſeen by both; for the Pexnmbra of the Moon may, if ſhe be ſixty Semi- 
diameters diſtant from the Earth, and the Sun above ſeven thouſand, ex- 
tend to about ſeventy degrees on the Earth , and conſequently be ſeen 
by Obſervators as far diftant as Lordow, and St. Helena, which are not 
full ſixty nine degrees diftant. And this would much more accurately, 
then any way that has been yet ufed, determine the Parallax,' and di- 


 ftance, of the Sun; for as for the Horizontal! Parallax I have ___ 


thewn it ſufficiently uncertain ; nor is the way of finding it by the Eclipſe 
of the Moon any other then hypothetical ; and that by the difference of 
the true and apparent quadrature of the Moon is tefs not uncertain, wit- 
neſs their Dedutions from it, who have made wle of it ; for Yexdelire puts 
thatdifterence to be but 4'. 30". whence he deduces a vaſt diſtance of 
the Sun, asI have before ſhewn. Hicciolo makes it full 30. oo. but Re7- 
woldne, and Kircher, no lefs then three degrees. And no wonder, for if 


we examine the Theory, we fhall find it ſo complicated with uncertain- 
tres, Firſt, 
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Firſt, From the irregular ſurface of the Moon, and from ſeveral Paral- 
laxes, that unleſs the Dichotomy happen in the Nonageſimus of the Eclip- 
tick, and thatin the Meridian, oe. all which happen ſo very ſeldom, 
that it is almoſt impoſſible to make them otherwiſe then uncertainly. 
Beſides, we are not-yet certain, but that there may be ſomewhat about 
the Moon azelogav to the Air about the Earth, which may cauſe a refra- 
&ion of the light of the Sun, and conſequently make a great difference 
in the apparent dichotomy of the Moon. Their way indeed is very 
rational and ingenious ; and ſuch asis muchto be preferr'd before the 
me by the Horizontal Parallax, could all the uricertainties be remoy'd, 
and were the true diſtance of the Moon known. 

But becauſe we find by the Experiments of Vendiline, Reinoldas, &c. 
that Obſervations of this kind are very uncertain alſo: It were to be 
wiſht, that fuch kind of Obſervations, made at two very diſtant ſtati- 
ons, were promoted. And it is ſo much the more deſirable, becauſe, from 
what I have now ſhewn of the nature of the Air, itis evident, that the 
refraction may be very much greater then all the Aſtronomers hitherto 
have imaginedit: And conſequently, that the diſtance of the Moon, and 
other Planets, may be much letle then what they have hitherto made 
It. | 


For firſt, this Infletion, I have here propounded, will allow the ſha- 


dow of the Earth to be much ſhorter then it can be made by the other © 


Hypotheſfs of refraftion, and. conſequently, the Moon will not ſuffer an 
Eclipſe, unleſs it comes very much nearer the Earth then the Aſtronomers 
hitherto have ſuppoſed it. 

Secondly, There will not in this Hypotheſis be any other ſhadow of the 
Farth, fuch as Kepler ſuppoſes, and calls the Perumbra, whichis the ſha- 
dow of the refracting Atmoſphere ; for the bending of the Rays being al- 
together caus'd by 1fleFion, as [ have already thewn, all that part 
which is aſcribed by Kepler, and others after him, to the Pexumbra, or 
dark part, which is without the #z»bra terre, does clear vaniſh; for in _ 
this Hypotheſis there is no retracting ſurface of the Air, and conſequently 
there can be no ſhadows, ſuch as appear inthe ninth Figure of the 37. 
Scheme, where Jet ABCD repreſent the Earth, and E FGH the 47- 
moſphere,which according to Keplers ſuppoſition,is like a Sphzre of Water 
terminated with an exact ſurface EF GH, let the lines MF, L B,. ID, 
K H, repreſent the Rays of the Sun; 'tis manifeſt, that all the Rayes be- 
tween LB, and I D, will be reflected by the ſurface of the Earth 
BAD. and conſequently, the conical _ B OD. would be dark and 
obſcure; bur, ſay the followers of Kepler, the Rays between MF, and 
LB, and between I D, and KH, falling on the Atmoſphere , are re- 
fradted, both at their ingreſs and __ out of the Atmoſphere, nearer to- 
wards the Axis of the ſpzrical ſhadow CO, and conſequently, inlighten 


a great part of that former dark Cone, and ſhorten, and contract, its top 
to N. And becauſe of this Reflection of theſe Rays, ſay they, there 1s 
ſuperinduc'd another ſhell of a dark Cone F P H, whoſe ApexP 1s yet 


further diſtant from the Earth : By this Pexumbra, ſay they, the Moon 
| 18 
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is Eclipſed, for it alwayes paſſes between the lines 1 2, and 


3 | po which Iſay, That if the Air be ſuch, asT bave newly ſhewn it to 


be, and conſequently cauſe ſuch an. infleftion of the Rays that- fall into 


it, thoſe dark Pexwmbra's FYZQ, HX VT, andOR PS, willall va- 
niſh. For if we ſuppoſe the Air indefinitely extended, and to be no 
where bounded with a determinate refraCting ſurface, as I have ſhewn 
it uncapable of having, from the nature of it; it will follow, that the 
Moon will no where be totally obſcured, but when it 1s below the A 

N, of the dark blunt Cone of the Earth's ſhadow:Now,from the ſuppoli- 


' tion, that the Sunis diſtant about ſeven thouſand Diameters, the point 


N, according to calculation, being not aboye twenty five terreſtrial Se- 
midiameters from the Center of the Earth : It follows, that whenſoever 
the Moon'eclipſed is totally darkned, without affording any kind of 
light, it muſt be within twenty five Semidiameters of the Earth, and con- 
ſequently much lower then any Aſtronomers have hitherto put it. 

This will ſeem much more conſonant to the reſt of the ſecundary Pla- 
nets; for the higheſt of Jupiter's Moons is between twenty and thirty 
Javial Semidiameters diſtant from the Center of Jupiter z and the Moons 
of Saturn much about the ſame number of Saturnial Semidiameters from 
the Center of that Planet. 

But theſe are but conjectures alſo,and muſt be determin'd by ſuch kind 
of Obſervations asI have newly mention'd. | | 

Nor will it be difficult, by this Hypotheſes, to ſalve all the appearances 
of Eclipſes of the Moon, for in this Hypotheſes alſo, there will be,on each 
fide of the ſhadow of the Earth, a Pexumbra, not causd by the Refracti- 
onof the Air, as in the Hypotheſis of Kepler ; but by the faint inlight- 
ning of it by the Sun : For if, in the fixth Figure,we ſuppoſe ESQ, and 
GSR.,to be the Rays that terminate'the ſhadow from either fide of the 
Earth 3 E $Q coming from the upper limb of the Sun, and G SR from 
the under; it will follow, that the ſhadow of the Earth, within thoſe 
Rays, that is, the Cone GSE, will be totally dark. But the Sun —_ 
not a point, but a large ere of light, there will be a ſecondary dar 
Cone of. ſhadow E P G, which will be caus'd by the earth's hindring 
part of the Rays of the Sun from falling on the parts GPR, and EP Q. 
of which halved ſhadow, or Pexuzebra, that part will: appear brighteſt 
which lyes neareſt the terminating Rayes G P, and EP, and thoſe dar- 
ker that lye neareſt to 'GS, and ES: whentherefore the Moon a 
poure quite dark in the middle of the Eclipſe,ſhe muſt be below S,that is, 

etween $ and F; when ſhe appears -hghter near the! middle of the 
Eclipſe, ſhe muſt paſs-ſome where between R Q and:S; and when ſhe 
is —_ light through the whole Eclypſe, ſhe muſt paſs between RQ._. 
and P, el 


Obſery. 
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Obſerv. L1IX. Of multitudes of ſmall Stars diſtoverable by the 
Teleſcope. | | 


Aving, in the laſt Obſervation, premis'd ſorne particulars obſervable 

| in the vedinmchrough which we muſt look upon Celeſtial Objeds, 
Itball here add one Obſervation of the Bodies themielves 5 and for a 
722: | have made choice of the Pleiades, orkeven Stars, commonly 6 
called ( though in our time and Climate there appear no more then ix 
tothe naked eye ) and this I did the rather, becauſe the deſervedly fa- 
mous Galileo, having publiſht a Pifture of this Aﬀeriſare, was able, it 
ſeems, with hisGlaſs tb diſcover no more then thirty fix, whereas with a 
pretty good twelve foot Tele/cope.by which I drew this 38 Trorifer,l could 
very plainly diſcover ſeventy eight, placed inthe order they are ranged 
in the Figure, and of as many dittering Magnitudes as the Aſterisks., 
wherewith they are Marked, 'do ſpecifie ; there being no leſs then four- 
teen ſeveral Magnitudes of thoſe Stars, which are compris'd within the 
draught, the biggeſt whereof is not accounted greater then one of the 
third Magnitude ;z and indeed that account is mach yoo big.if it be com- 
pared with other Stars of the third Magnitude, eſpecially by the help of 
a Teleſcope ;, for then by it may be perceiv'd, that its ſplendor, to the na- 
ked eye, may be ſomewhat augmented by the three little Starsimmedi. 
ately aboveit, which are near adjoyning to it. The Teleſcope alſo diſco. 
| vers a preat variety, even inthe bigneſs of thoſe, commonly reckon'd, of 
the firſt, ſecond, third, fourth, fifth, and frxth Magnitude $. fo that ſhould 
they be diſtinguiſh'd thereby, thoſeirx Magnitudes would, at leaſt, af: 
ford no leſs then thrice that number of Magnitudes, plainly enough di- 
ſtinguiſhable by their Magnitude, and brightneſs; ſo that a good twelve 
foot Glaſs would afford us no leſs then twenty five ſeveral Magnitudes. 
Nor are theſe all, but a longer Glaſs does yet further, both more nicely 
diſtinguiſh the Magnitudes of thoſe already noted, and alfo diſcover ſe- 
veral other of ſinaller Magnitudes, not diſcernable by the ewelve foot 
Glaſs: Thus havel been able, with a good thirty ſix foor Glas, to diſco- 
ver many more Stars inthe Pleiades then are here delineated, and thoſe 
of three or four diſtin&t Magnitudes leſs then any of thoſe ſpotsof the 
fourteenth Magnitude. And by the twinkling of divers other placesof 
this Aſteriſme, when the Sky was very clear, I am apttothink, t at with 
fonger Glaſſes, or fach as would bear a bigger aperture, there mighr be 
diſcovered multitudes of other ſmall Stars, yet inconſpicuous. And m- 
deed, for the diſcovery of ſmall Stars, the bigger the pertzre be, the 
better adapted is the Glaſs; for though perhaps it does make the ſeveral 
ſpecks more radiant, and glaring, yet by that means, uniting more Rays 


very near to one point, it does make many _ radiant points _— 
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cuous, which, by putting on a leſs epertwre, may be found to vaniſh 
and therefore, both for the diſcovery of the fixt Star, and for finding the 
Satellites of Jupiter, before it be out of the day, or twilight, Ialwayes 
leave the ObjeCt-glaſs as clear without any apertareas I can , and have 
thereby been able to diſcover the Satel/ites a long while before ; I was 
able to diſcern them, when the ſmaller apertzres were put on; and at o- 
ther times, to ſee multitudes of other ſmaller Stars, which a ſmaller aper- 
ture makes to diſappear. 

In that notable 4ſteriſm alſo of the Sword of 0rioz, where the ingeni- 
ous Monſieur Hugers van Zulichem has diſcovered only three little Stars 
in a cluſter, Thave with a thirty fix foot Glaſs, without any aperture (the 
breadth of the Glaſs being about ſome three inches and a half )diſcover'd 
five, and the twinkling of divers others up and down in divers parts of 
that ſmall milky Cloud. | | 

So that 'tis not unlikely, but that the meliorating of Teleſcopes will af- 
ford as great a variety of new Diſcoveries in the Heavens, as better 247- 
croſcopes would among ſmall terreſtrial Bodies, and both would give us 
infinite cauſe, more and more to admire the omnipotence of the Crea- 


tor. 


Obſerv. LX. Of the Moon. 


Aving a =_ large corner of the Plate for the ſeven Starrs, void, 


for the filling it up, I have added one ſmall Specimen of the ap- 
pearance of the parts of the Moon, by deſcribing a ſmall ſpot of + which, 
though taken notice of, both by the Excellent Hevelizs, and called Morrs 
Olympus (though I think ſomewhat improperly, being rather a vale) and 
repreſented by the Figure X, of the 38. Scheme, and alſo by the Learn'd 
Ricciolus, who calls it Hipparchws, and deſcribes it by the Figure Y, yet 
how far ſhort both of them come of the truth, may be ſomewhat per- 
- ceiv'd by the draught, which I have here added of it, inthe Figure 7, 
( which I drew by a thirty foot Glaſs, in OFober 1664. juſt before the 
Moon was half inli need) but much better by the Reader's diligently 
obſerving it himſelf, at a convenient time, witha Glaſs cf that length, 
and much better yet with one of threeſcore foot long ; for through theſe 
it appears a very ſpacious Vale, incompaſled with a ridge of Hills, not 
very _ in compariſon of many other in the Moon, nor yet very ſtcep. 
The Valeit ſelf ABCD, is much of the figure of a Pear, and from {ex 
veral appearances of it, ſeems to be ſome very fruitful place, that is, to 
have its ſurface all covered over with ſome kinds of vegetable ſubſtan- 
ces; forin all poſitions of the light on it, it ſeems to give a much fainter 
refleftion then the more barren tops of the incompaſiing Hills, and thoſe 
a much fainter then divers other cragged, chalky; or rocky Mountains 


of the Moon. Sothat I am not unapt to think, that the Vale may have 
| | Vegetables - 
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may obſerve the'Hills with us to be, fuch as the ſhort Sheep paſture which 
coversthe Hills of Sa/z5bxry Plains, | ratet 

Up and down 1n/ſeveral parts of this place here deſcrib'd ( asthere 
are, multitudes in other places all over the ſurface'of the Moon) may 
be perceived ſeveral kinds of pits, which are ſhip'd almoſt like a diſh; 
ſome bigger, ſome leſs, ſome ſhallower, ſome deeper, that is, they ſem 
to be a hollow Hemiſphere, incompaſſed *with a round rifing bank, as if 
the ſubſtance-in. the middle had been digg'd up, and thrown on either 
ſide. Theſe ſeem to me to have been the effects of ſome motions within 
the body of the Moon, aralogus to our Earthquakes, by the eruption 
of which, as it has thrown up a brim, or ridge,round about, higher then 
the Ambient furface of the Moon, ſo has it left a hole, or depreſſion, in 
the middle, proportionably lower ; divers places reſembling ſome of 
theſe, I have oblerv'd here in England, on the tops of ſome Hills, which 
might have been caus'd by ſome Earthquake inthe younger dayes of the 
world. But that which does moſt incline me to this belief, is, firſt, the 
generality and diverlity of the Magnitude of theſe pits all over the bo- 
dy of the Moon. Next, the two experimental wayes, by which I have 
made a repreſentation of them. 

The firſt was with a very ſoft and well temper'd mixture of Tobacco- 
pipe clay and Water, into which, if I let fall any heavy body, as a Bul- 
let, it would throw up the mixture round the place, which for a while 


would make a repreſentation, not unlike theſe of the Moon 3 but con-: 


ſidering the ſtate and condition of the Moon, there ſeems not any proba- 
bility to imagine, that it ſhould proceed from any cauſe azalogus to this ; 
for 1t would be difficult to imagine whence thoſe bodies ſhould come ; 
and next. how the ſubſtance of the Moon ſhould be fo ſoft 3 but if a 
Bubble be blown under the ſurface of it, and ſuffer'd toriſe, and break $ 
or if a Bullet, orother body, funk init, be yr out from it, theſe de- 
parting bodies leave an impreſſion on the ſurface of the mixture, exactly 
like theſe of the Moon, fave that theſe alſo quickly ſubſide and yaniſh. 
But the ſecond, and molt notable, repreſentation was, what I obſerv'd 
in a pot of boyling Alabaſter, for there that powder being by the erupti- 
on of vapours reduc'd toa kind'ot fluid confiſtence, if, whilſt it boyls, it 
be gently remov'd beſides the fire , the Alabaſter preſently ceafing to 
boyl, the whole ſurface, eſpecially that where ſome of the laſt Bubbles 
have riſen, will appear all over covered with ſmall pits, exadtly ſhap'd 
like theſe of the Moon, and by holding a lighted Candle in a large dark 
Room. in divers poſitions to this ſurface, you may exadaly repreſent all 
the Phenomena of theſe pits in the Moon, according as they are more or 
1:{s inlightned by the Sun. : 

And that there may have been in the Moon ſome ſuch motion as 
this, which may have made theſe pits, will ſeem the more probable, 
if we ſuppoſe it like 'our Earth, for the Earthquakes here with us ſeem 
to proceed from ſome ſuch cauſe, as _ boyling of the pot x | _ 

4 alter, 
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Vegetables axalogw:to our Grafs, Shrubs, and Trees 3 and moſt of theſe 
incompaſiing Hills way be covered with ſo thina vegetable Coat, as we 
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baſter , there ſeeming to be generated in- the Earth fromſome fubcer- 
rancous fires, or hear, =_ quantities of vapours, that is, of 'expan- 
ded acrial fubſtances, which not preſently finding a - paſſage rhrouph the 
ambient parts of the Earth, do, as they are increaſed by the tupphy 
_ and generating. principles, and thereby ( having not ſufficient room to 

expand thetntelves:) extreamly condens'd, at laſt overpower,--with 
their elaſtic properties, the refiftence of the incompaſling Earth, and 
tfting it up, or cleaving it, and fo thattering of the parts of the Earth 
above it,;do at length, where they find the parts of the Earth above them 
morelooſe, make their way upwards, and carrying a great part of the 
Earth before them, not only raiſe a fma}] brmm round about the place,out 
of which they break , but tor the moſt part confiderable high Hills and 
Mountats, and when they break from under the Sea, divers times, 
moumainous Ifhnds'; this ſeems confirm'd by the Yulcens in feveral 

places of the Earth, the mouths of which, for the moſt part, are incom- 
paſſed witha Hill of a conſiderable height, and the tops of thoſe Hills, 
or Mountains, are ufually ſhap'd very much like theſe pits, or diſhes, of 
the Moon - Inſtances of this we have in the deſcriptions of #724 11 $#- 
ctly, of Hecla in Tteland, of Temerif m the Canaries, cf the ſeveral Yul- 
cans in New-Spain, deſcribd by Gage, and more eſpecially m the erupti- 
on of late years in one of the Canary I{lands. Inall of which there is not 
only a confiderable high Hill raifed about the mouth of the Yulcar , bur, 
like the ſpots of the Moon, the top of thoſe Hills are like a difh, or ba- 
fon. And indeed, if one attentively confider the nature of the thing, 
one may find ſufficient reaſon to judge , that it cannot be otherwile ; for 
theſe eruptions, whether of fire, or ſmoak, alwayesrayſing great quan- 
tities of Earth before them, muſt neceſfarily, by the fall of thoſe parts 
on cither fide, raiſe very conſiderable heaps. 

Now, both from the figures of them, and from ſeveral other cir- 
cumſtances; theſe pits in the Moon feem to have been generated 
much after the fame manner that the holes inAlabaſter, and the Yu!- 
cans of the Earth are made. For firſt, it is not improbable, but that 
' the ſubſtance of the Moon may be very much like that of our Earth, 
| that is, may confiſt of anearthy, ſandy, or rocky ſubſtance, in ſeveral of 
its ſuperficial parts, which parts being agitated, undermin'd, or heav'd 
up, by eruptions of vapours, may naturally be thrown into the fame 
Kind of figured holes, as the ſmall duſt, or powder of Alabaſter, Next, 
it is not improbable, but that there may be generated, within the body 
of the Moon, divers fuch kind of internal fires and heats, as may pro- 
duce ſuch Exhalations; for fince we can plainly enough diſcover with a 
Teleſcope , that there are multitudes of fuch kind of eruptions in the 
body of the Sun it felf, which is accounted the moſt noble Mtherial bo- 
dy, certainly we need not be much ſcandaliz'd at fuch kind of altera- 
tions, or corruptions, in the body of this lower and leſs conſiderable 
part of the univerſe, the Moon, which is only fecundary, or attendant, 
on the bigger, and more conſiderable body of the Earth. Thirdly, 'tis 


not unlikely, butthat ſuppoſing ſuch a ſandy or mouldring ſubſtance - 
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be there ſound, and ſappoſing alfo-2 poſſibility of the generation of the 
meternal eleftical' body '( whether you will call X- air or vapours) tis 
not unlikely, I ſay, butthat there is in the Moon a principle of gravita- 
rion, fuch as mthe Earth; And to makethis probable, Tehink, we need 
no better Argument, then the roundneſfs, or globular Fipure of the bo- 
dy of the Moon iefelf, which we may perceive very plainly by the 7-< 
kſcope, to be ( bating the ſmall inequality of the Hilk and Vales init, 
which are all of them likewiſe ſhap'd, or levelled, as it were, toanfwer 
to the center of theMobons body ) perfectly of a Spherical figure, that 
s, all the parts of frareforang'd Cbating the comparitively ſmall rug- 
gedneſfs of the Hh ' nnd Dales ) that the outnioft bonnds of them are 
equally diſtant from” the Center of the Moon, and conſequently, it is 
exceedingly probable alfo, that they are equidiftant from the Center of 
gravitation; and indeed, the figure of the ſuperficial parts of the Moart 
are ſocxaCtly ſhapd, according as they ſhonld be, ſuppoſing it had a 
pravitating principle Ys the Farth has, that even the figure of thoſe 
parts themſelves isof fufficient efficacy to make the gravitation, and the 
other two fuppoſitions probable : fo that the other ſappoſttions may be 
rather prov d by this conſiderable Circumſtance, or Obſervation, then 
this ſapposd Explication can by them ; for he that ſhall attentively 
obſerve with an excellent Telefcope, how all the Circumſtances, notable in 
the ſhape of the ſuperficial parts, are, as it were, exaQtly adapted ta 
futt with ſuch a principle,will if he well confiders the uſual method of Na- 
tore im its other proceedings, find abundant argument to believe itto have 
really there alſo fuch a principle; for F could never obſerve,among all the 
mountainous or prominent parts of the Moon ( whereof there isa huge 
variety ) that any one part of it was plac'd in ſucha manner,that if there 
ſhould be a gravitating, or attraCting principle in the body of the Moon, 
it would make that part to fall, or be mov'd out of its viſible poſture. 
Next, the ſhape and poſition of the parts is ſuch, that they all ſeem put 
into thoſe very ſhapes they are in by a gravitating power - For firſt,there 
are but very few clifts, or very ſteep declivities in the aſcent of theſe 
Mountains; for beſides thoſe Mountains, which are by Hevelizs call'd the 
Apennine Mountains, and ſome other, which ſeem to border on the Seas 
of the Moon, and thoſe only upon one fide, as is conimon alſoin thoſe 
Hills that are here on the Earth; there are very few that ſeem to have 
very ſteep aſcents, but, for the moſt part, they are made very round, 
and much reſemble the make of the Hills and Mountains alſo of the 
Earth ; thismay be partly perceived by the Hills incompaſling this Vale, 
which I have here deſcrib'd ; and as on the Earth alſo, the middlemoſt 
of theſe Hills ſeems the higheſt, ſo is it obvious alſo, througha good Te- 
leſcope, in thoſe of the Moon ; the Vales alſo in many are much ſhap'd 
like thoſe of the Earth, and I am apt to think, that could we look upon 
the Earth from the Moon, with a good Teleſcope, we might eafily enough 
perceive its ſurface to be very much like that of the Moon. 0 
Now whereas in this ſmall draught, (as there would be multitudes if 
the whole Moon were drawn after this manner) there are ſeveral little 
Ebullitions, 
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Ebullitions, or Diſhes, even in the Vales themſclyes,and in the incompaſ- 
fng Hills alſo ; this will, from this ſuppoſition, (which T have, I think, up- 
on very good reaſon taken). be enncogling eafily explicable ; for, as I 
have ſeveral times alſo obſerv'd, inthe ſurface of Alabaſter ſo ordered, 
as I before deſcrib'd, ſo may the later eruptions of vapours beevenin the 
middle, or on the edges of the former z and other ſucceeding theſe alſo 
in time may be in the middle or edges of theſe, &*c. of which there are 
Inſtances enough in divers parts of the body of the Moon, and by a 
boyling pot of Alabaſter will be ſufficiently exemplifid. 
To conclude therefore, it being very probable, that the Moon has a 
rinciple of gravitation , it affords an excellent diſtinguiſhing Inſtance 
in the ſearch after the cauſe of gravitation, or attraCtion, to hint, that it 
does not depend upon the diurnal or turbinated motion of the Earth, as 
ſome have ſomewhat inconfiderately ſuppoſed and affirmed it to do;: for 
if the Moon has an attraCtive principle, whereby it is not only ſhap'd 
round , but does firmly contain and hold all its parts united, though 
many of them ſeem as looſe as the ſand on the Karth, and that the Moon 
is not mov'd about its Center; then certainly the turbination cannot be 
the cauſe of the attraction of the Earth ; and therefore ſome other 
principle muſt be thought of, that will agree with all: the ſecundary as 
well as primary Planets. But this, I confeſs, is but a probability, and 
not a demonſtration, which (from any Obſervation yet made) it ſeems 
hardly capable of, though how ſucceſsful future indeavours (promoted 
by the meliorating of Glaſſes, and obſerving particular circumſtances) 
may bein this, or any other, kind, muſt be with patience expeRted. 
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120 5. Of the figure and manner of the 
produd@ion of petrified Tceicles:ſeve- 
ral deductions from theſe Conſidera- 
tions, about the nature of the vege- 
5® pation of Mould and Muſhromes. 


I 3 I Obſerv. 2T. Of Moſs. 


The TasLe. 


Moſſes ; upon this occaſion ſeveral 
Conje@ures,about the manner of the 
produttion of theſe kinds of Bodies, 

are hinted, and ſome of them expli- 
cated by a Similitude taken from a 133 
prece of Clock-work. The vaſt diffe- 134 
rence of the bigneſ#of vegetable Bo- © © 
dies; and the probability that the 
leaſt may a6 rv 45 CUTIONS 
contrivances as the greateſt, Of mmul- x 
titudes of other ES A 
Mufhromes ,* and other vegetating 
Principles, in Water, Wood, &c. 


Obſerv. 22. Of Sponges,and other 
fibrous Bodies. 


Several Obſervations and Conje- 
Fnres about the making of theſe Bo- : 
dies; andſeveral Hiſtories out of 
Authors.Scarce any other Body hath 137 
ſuch atexture; the fibrows texture 1389 
of Leather, Spunk,, &c. (which are 139 
there deſcribd ) come neareſt to it. 
That upon tryal with a piece of 
Spunge and Oyl the neceſſity of re- 140 
ſpiration conld not be alter d. 


Obſerv. 23. Of the Form of Sea- . 
weed. 


From the curiouſly ſhap'd Sur- 
face of this Sea-weed, and ſome 0- 
thers.Js conje@ured the poſſibility of 141 
multitudes of the like. 


Obſerv. 24. Of the Surfaces of 
ſome Leaves, 


The deſcription, . 1. Of the bald 
Surfaces of Leaves. 2. Of the dow- 
ny Surfaces of ſeveral others. . 
3. Of the gumemons.exſudation, or 
ſmall tranſparent Pearls, diſcovered 
with a Microſcope in ſeveral o- 
thers. An Inſtance of all which is 
afforded ina Roſemary Leaf. 


14. 


132 


The deſcription of ſeveral ſorts of | 


Obſerv. 


The 


Obſery, 25. Of the Kinging 
Points of a Nettle. 


A ae(cription of the Needles and 
"I ſeveral rt contrevantes in the leaf 
144 of a Nettle: how the ſtinging pain 
created : upon this ſeveral confidera- 
tions about poyſoning Derts are ſet 
dewn. An Experiment of kulling Effs, 
and Fiſhes with Salt. Some conjeftures 
at the efficacy of Baths, the uſe that 
may be made of imjefing into the 
145 Veins, A very remarkable Hiſtory 
out of Bellonius ; end ſome Conſide- 


rations about [teining and dying of 
Bonhes. 


Obſerv, 26. Of Cowage. 


The deſcription of it out of Parkin- 

146 ſon:an Experiment made of it : a de- 

ſerthtion, and ſome conjeftures at the 
cauſe of the Phznomena. 


Obſerv. 27. Of the Beard of a 
wild Oar. 


I 
| iy 44 The deſeriptton of its ſhape and 
149 properties : the manner of making a 
150 Hygroſcope with tt; and a Conje- 
IST Gure at the cauſes of theſe motions, 
152 dof the motions of the Muſcles, 


Obſerv. 28. Of the Seeds of Ye- 

mce Looking-plaſs. 

I ” The deſcription of them, 
Obſer. 29, Of the Seeds of Time. 


I54 4 deſcription of them. A depreſſion 
, about Natures method. 


- Obſerv. 30+ Of Poppy Seeds. 


TaBLE. 


Obſerv. 3r. Of Purflane Seeds. I56 


A deſcription of theſe and mary 
other Seeds. 


Obſerv. 32. Of Hair. 157 
The deſcription of ſeveral ſorts of 1 58 

Hair ; their Figures and Textures : 

the reaſon of their colours, A deſcriptt- x 5 n 

on of the texture of the skin, and of x65 

Spunk and Sponges : by what paſ- 15x 

ſages and pores of the skin tranſpira- 

tion ſeems te be made. © 255 


to prove the porouſneſs of the shin of 


| Vegetables, 


Obſery. 33. Of the Scales of a ;;, 
Soale, 


| A deſcription of their beautrous 
| form, 


Obſery. 34.Of the Sting of a Bee. , 5; 


A deſcription of its ſhape, mecha: I64. 


| n1{me, and uſe. 


 Obſery, 35. Of Feathers, rx 


166 


| rrous oontexture of Feathers : 


' A deſcription of the ſhape and cu- 157 


and 
ſome conjeRtures thereupon. 


Obſer. 36. Of Peacocks Feathers. 


A deſcription of their curious form 1 6$ 
and proprieties ; with a conjeflure at 169 
the cauſe of their variable colours, 


Obſer. 37: Of the Feet of Flyes, 
and other InfeQts. | 
A deſcription of their figure,parts, x, 
and ufe., and ſome conſiderations , , y 


If5 | The deſcription and aſe of | 
them. 


thereupon, 


Obſerv, 


I73 Obſer. 38. Of the Wiogs of Flyes. | 


After what manner ,and how ſwift- | 

173 lythe wings of Inſefts move. A de. 
ſeription of the Pendulums under the ' 

174 wings, end their motton : \ the ſhape | 


and ſirufture of the parts of the wing. 
175 Obſer. 39. Of the Head of a Fly. | 


1. All the face of a Drone-fly us no. / 

thing almoſt but eyes." 2. Thoſe are | 

176 of two magnitudes, 3, They are 

Hemiſpheres, and very refledive and | 

{mooth. 4.S ome direfted towards eve. 

ry quarter. 5. How the Fly cleanſes 

them.s [Their number. 7.Thetr orter : 

177 divers particulars obſerv'd inthe dif: 

178 [efting a head. That theſe are very 

* | © probably the eyes of the Creature 3 ar: 

 » owed from ſeveral Obſervations and 

179 Experiments, that Crabs ,, Lobſters, 

Shrimp:,ſeem to.be water Inſeftr,and 

to. be framed mucb like Air Inſebts, 

130 Several Conſiderations about their 
manner of viſion, | 


| Obſer.qo.Of the Teeth of a Snail; | 


| 


181 © A brief deſcription of 1t. 


Obſerv. 41. Of the Eggs of 
| worms. | 


Silk- 


182 al Several . 06/ervables cling the 
- + Eogr of Inſettr: 


183 ..*Obſerv. 42." Of ablue Fly. 


| 34 oy” deſcription of its outward\and 
os inward parts. 1tr hardineſs to indure 
195 freezing;and ſteeping inSpirit of we. 


. - + Obſerv. 43; Ofawater Inſect.: 
SA 1 _ ve VS. 5 | 


| ure of the me 
| fabriek; topether with a JL 
that 'tes andthe hae Spit, 


| grefſive;and transformation.” A'Rifho--i85 


Ty ſomewhat Analogus cteHout of 
Piſo. Several Obſervations abit the , g J 
Various: wayer” of the yentrations of 
Inſes : by what means they aft ſo , 89 
ſeemmply wiſely and priidently Seve: X 
ral Queries propounded. Poſtſcript, W 
rentaming @ relation of. another wery 192 
or way of the \gentrationof "Inſet. 
An Obſervation about the ferttlity"of 
the Earth'of our Clmate #1 producing 
Inſets,” and'of divers other wayer of tg3 
their 'gentration. CLIENT 


Obſerv. 44. Ofthe tufred Gnar. | 
Several Obſeroables about InſeRs, 
and a niore- particular deſcription of 191, 
the parts of this Gnat,” oO 


*I95 
A ſhore deſerthtion'sf if, -11C) 
Obſer.'46, Of a white Moth. 5c 


Ob.45.Ot the great belly'd:Gnat 


A 
OY 


- 4 dcitim of th fratitiand 196 
wings of this, and ſeveral other In- , , 
ſets. Divers Conſideration avout the g o4 
wing. and the flying of | Infefr and 

Diras/ 7 OODLE PRA 


Ob. 47: Of the Shepherd'Spider, | 


A defeription of its Eyes * and the 
ſockets of its long legs: anda Conje- 199 
x 26h reaſon. of its 1 1. 
ton, 
'may 
have the make of their inward parts 
exattlyite's Crab ;"which\'may be $5 
call d a'water Spidey, \ in AIEDLOASS © 


Obſer.#8lOf che:kuning Spider. 


©. A Jhort deſert; tomb ott-ato which 
[f anwext" dn ex8eltdnr. (bo w_”” 


I 36 is A deſcription of its ſhape, tranſ/pa- 


Py off 
made by wv, Evelyd.\xSoms farvber |. 1 - 
M m 


Obſer- 


The 


.202 Obſervatons.on dther. Spiders, ond. 
S en Wet, opether with anexami- 
, nation of. a white Subſtance flying up 
and donnanthe Air after a Fog, 
"That all ſmall Badies, both Vegs- 
"© table and Ammal, do quickly dry and 
wither The beſt remedy 1 found to bin- 
der it,and to make the Animallye ftil 
204 to be obſerv'd, Several particulars re- 
© lated of the ations of thts Creature ; 
205 and a ſhort deſcription of its parts. 


C 


_ 


_ 


Obſ. 50. of the wandring Mite. 


205 Adeſcription of this Creature, and 
© of another very ſmall one, which uſu- 
20, fy bore it company. A Conjefture at 


701 the original of Mites. + | 
Obfſerv.51.Ofa Crab-like Inſect, 

208 A brief diſeription of it. 

; .. \ Qbſers, 52, Ofa Book-worm. 


209  Aueſeription of. tt where 
 wey.tr inſerted @ diprefſion, expert- 
mentally explicating the Phznome-. 
210 Na of Pear. A conſideration of its | 


argeftive.faciilty, 
'a\ Obſery« $3- Qt: a Fea, 
A lo ſoriptio of it. 


CQT 
211 


by the 


TaBLE. 


mation of the variety of forms in other 
Afetes, with a ComeBiurs at the veas 25 $ 


[on. 
'Ob, 56. Of fnall Yine-Mites;" - - 


if deſeriptioncfobimg: a plat - - 
their original ,- therr axcontiig Nina, | 
neſs compar'd with that of a Wood- 216 
{ouſe,from which they.may be ſuppos d © 


£0 £0Me, 


Obſerv, 57. Of Vinegar-worms, 


A deſcription of them , with. forme 217 
confi derations on their motions. 
Obſ. 58. Oftthe InfleQion ofche 

Rays of Light in the Air.- 


A ſbortrebear ſal of ſeveral Phars 218 
nomensa,:. Anat taexplicate 219 
them:the. [/uppoſition founded on two 
Propojitzens , both which are tndta- 
voured to be made out by /everal Ex- 
periments. What denſity arid revity  . 
is tn reſpebt of refratten; the refraflt. 
on of Spirit of Wine compared with 
that of: commun FP ater : the refraltron me 
of Ice, An Experiment of making an 
Unaulation of the Rays by the mixing 
of Liquors of differing denſity, The 
exphcateonef" infleftion ; mechany 


« 


22TI 


| cally and hypothetically : what Bodies 

| have ſuch an inflefion. Several Ex. 

| fapmntts to ſpew thad the Arthas =: 
| thts propriety 5, that et';preverals fouls 222 

1 the differing denſity of the Air : that 


1.4 , \ 4 EE: 
{ $ "= \\\ vo \ L v S- 34 \ 4) 4 + Q ou « [7 
- n . 
-.Obſerv 134. Of.aLouſe. | 
. . LA. ” 
yY* wa, he. TEELEINEDT: k 


OT OBOHES ESL 1G PEI IJ%: | 
212 © of ae Frihtgon of ts pertrand ſome | 
213 fotable circum | 


CSIR JIT | 
- . Qbfſernus's, Of Mites:.! 


«1. 1: The exvetding malteſt of, Yome 
_——— » 


| 


the wiper and ander. part of rt Her ; 3 
are of aifſering denſity ; ſome Experi- 223 
| raenfe.ta prone this; if Table ofthe » - * 
ſfrengthof. the'{pringaf the Arr ,vrans 
/mererg. to each. deptee of extenſor, © ©: 
when firft made , and when repeated. 224. 
Anther! Experimitd of comp 22 
the Air. A T able of RENEE 3 _ 


Al yran/wering \tawarh'comprofſien © 5 : 


{ 


apa. ove 
214 *f the Mite# of Sbts/e .ont{ 66 'invs+ | 
*. Id \ Fa . | 
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aud expdnfon ;.fiommbird the height 
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227 of the Aifmay be [uppos'd indefinite ; 
228 to what degree the Air is rarifd at 
any diſtance above the Surface of the 
Earth : how, from this, Infleftion ts 
229 inferr'd; and ſeveral Phznomena 
230 explain'd. That the Air near the 
Earth is compos d of parts of differing 
denſity 3 made probable by ſeveral 
Experiments and Obſervations ; how 
this propriety produces the effetts of 
the waving and dancing SA. Bodies 3 
2 ang-of the twenkling of the Stars. 
23% ape Serves. B exfliznted, 
Some Queries added. | 
1. Whether this Principle may not 
be made uſe of, for perfeiting Optick, 
234 Glaſſes? What might be hoped from 

it if tt were to be done ? 

2. Whether from this, Praueipl 
the apparition of ſome new $tars me 
not be explicated 


. Whether the height of the Ar 


231 
232 


: may bedefind by. 2... 
ge rey. | — ona IM Red Jome- 
: ve f4ames he ſo gr4; if Hiſparity'of den- 
: | fry between the upper and under parts 
"IM: ir, 04.16 make » retiing 
Surface? OW or 
R 5. Whether, if ſo, this will not ex- 
35 plicate the Phznomena of the 
Clouds, An Experiment to this pur- 


oſe * 
236 7: Whether the Rayes from the 


te Era "wy arms are -not bended_into 
ment for it,taken from an Experiment 
made on St. Paul's Steeple. 
$. Whether the diſtance of the 
Planets will not be more difficult to 
237 be found? What wayes are moſt like- 
ly to reftifie the diſtance of the Moon: 
the way of fitting Teleſcopes for 
ſuch Obſervations. How to make the 
Obſervations , and how from them to 
find the true diſtance of the Moon at- 
any time, How the diſtance of the Sun 
may be found by two Obſervators. The 
739 way by the Dicotomy of the Moon un- 


i. 


238 


| 


=—y 
4 a. 
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certain, That the diſtance of . the 
Moon may be leſs then it has been 
bitherto ſuppor'd. Kepler's Suppoſiti- 
on riot ſo probable : the explication of 240 
- ——_—_— by another Hypo- - 
tnens, | 


Obſerv. $9. Of the faxt Stars; - ; 45 


Of the multitudes of Stars diſco- 
verable by the Teleſcope, and the 
variety of their magnitudes:78. Stars 
diſtangeiſix :uthe Pleiades:tbat there _. 
are degreeraf bigneſt eomn i tht Stars © - * 
accounted of the ſame mapnitude: the 
longer the Glaſies are, and the bigger 
apertures they will indure, the more 
fit they are for theſe diſcoveries : that 
'tzs probable, lonper Glaſſes would 'yet 

he 9142 diſcoveries, 5, Stars ; 42 

1/cover d in the Galaxie of Orion's 


| Sword. 


 Obferv:..60, Ofdhe Moor, "| 
_ 4. deſeriptioh of Vale | in the' ©: | 
Moo: what call'd 


have been obſerv'd in the Sun:becauſe 248 


ſeem much alike : and becauſe *tis pro- 
bable the Moon has a gravitating 
principle : this ts argued from ſeverat 
particulars, Thereaſon why ſeveral 
pits are one within another. The uſe 
that may be made of this Inſtance of 


245 


3 oravityin the Moon | 
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N the Preface -line 18. read feet : line 24. read Gilbert Hereys Vs ado bgg” 2 
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